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Immersed boundary method 

Immersed boundar y method 

The immersed boundary method is an approach - in computational 
fluid dynamics - to model and simulate mechanical systems in write 
elastic structures (or membranes) interact with fluid flows. Treating the 
coupling (the elastic boundary changes the flow of the fluid and the fluid 
moves the elastic boundary simultaneously) of the structure 
deformations and the fluid flow poses a number of challenging problems 
for numerical simulations. In the immersed boundary method approach 
the fluid is represented in an Eulerian coordinate frame and the 
structures in a Lagrangian coordinate frame. For Newtonian fluids 
governed by the Navier-Stokes equations the immersed boundary 
method fluid equations are 
with incompressibility condition 

The immersed structures are typically represented by a collection of 
interacting particles with a prescribed force law, where is the force 
acting on the particle. The forces are accounted for in the fluid equations 
by the force density 

where is an approximation of the Dirac -function smoothed out over a 
length scale . The immersed structures are then updated using the 
equation 

Variants of this basic approach have been applied to simulate a wide 
variety of mechanical systems involving elastic structures which interact 
with fluid flows. See the references for more details. 
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Stokesian dynamics 



^ „ oviuuv/ii icuimtjuc iui uic Ldii^cvin equation, 

which is the relevant form of Newton's 2nd law for a Brownian particle 
In the above equation is the hydrodynamic force, i.e., force exerted by 
the fluid on the particle due to relative motion between them, is the 
stochastic Brownian force due to thermal motion of fluid particles, is the 
inter particle force, e.g. electrostatic repulsion between like charged 
particles. Brownian dynamics is one of the popular techniques of 
solving the Langevin equation, but the hydrodynamic interaction in 
Brownian dynamics is highly simplified and normally includes only the 
isolated body resistance. On the other hand, Stokesian dynamics 
includes the many body hydrodynamic interactions. Hydrodynamic 
interaction is very important for non-equilibrium suspensions, like a 
sheared suspension, where it plays a vital role in its microstructure and 
hence its properties. Stokesian dynamics is used primarily for 
non-equilibnum suspensions where it has been shown to provide results 
which agree with experiments. 

Hydrodynamic interaction 

One of .he key features of Stokesian dynamics is its handing of the 
hydrodynamic interact, ons. which is fairly accurate without beinc 
computationally inhibitive (like boundary integral methods) for a lar«e 
number ot particles. Classical Stokesian dynamics require oLnZns 
whem A, ,s the number of particles in the system (usuatiy 
box). Recent advances have reduced the computational cost Jo •-< 
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Volume of fluid method 



In computational 
fluid dynamics, the 
volume of fluid 
method (or in short 
VOF method) is a 
numerical 

technique for 
tracking and 

locating the free 
surface (or 

fluid-fluid 
interface). It 

belongs to the class 
of Eulerian 

methods which are 
characterized by a 
mesh that is either 
stationary or is 
moving in a certain 
prescribed manner 
to accommodate 
the evolving shape of the interface. As such, VOF is an advection 
scheme — a numerical recipe that allows the programmer to track the 
shape and position of the interface, but it is not a standalone flow 
solving algorithm. The Navier-Stokes equations describing the motion 
of the flow have to be solved separately. The same applies for all other 
advection algorithms. 



Using VOF with PLIC is a contemporary standard, used in number of 
computer codes m , including ANSYS Fluent. 

Specification 

The method is based on the idea of so-called fraction function . It is 
defined as the integral of fluid's characteristic function in the control 
volume (namely, volume of a computational grid cell). Basically, when 
the cell is empty, with no traced fluid inside, the value of is zero; when 
the cell is full, ; and when the interphasal interface cuts the cell, then . is 
a discontinuous function, its value jumps from 0 to 1 when the argument 
moves into interior of traced phase. 

The fraction function is a scalar function, and while the fluid moves 
with velocity (in three-dimensional space ) every fluid particle retains its 
identity, i.e. when a particle is a given phase, it doesn't change the phase 
- like a particle of air, that is a part of air bubble in water remains air 
particle, regardless of the bubble movement (actually, for this to hold, 
we have to disregard processes such as dissolving of air in water). If that 
is so, then the substantial derivative of fraction function needs to be 
equal to zero: 

This is actually the same equation that has to be fulfilled by the level set 
distance function . 

This equation cannot be easily solved directly, since is discontinuous, 
but such attempts have been performed. But the most popular approach 
to the equation is the so called geometrical reconstruction, originating in 
the works of Hirt and B. D. Nichols. 

The VOF method is known for its ability to conserve the "mass" of the 
traced fluid, also, when fluid interface changes its topology, this change 
is traced easily, so the interfaces can for example join, or break apart. 




An illustration of fluid simulation using VOF method. 



History 

The Volume of Fluid method is based on earlier Marker-and-Cell 
(MAC) methods. First accounts of what is now known as VOF have 
been given by Noh & Woodward (1976), where fraction function (see 
below) appeared, although first publication in a Journal was by Hirt & 
Nichols (1981). Since VOF method surpassed MAC by lowering 
computer storage requirements, it quickly became popular. Early 
applications include Torrey et al. from Los Alamos, who created VOF 
codes for NASA (1985.1987). First implementations of VOF suffered 
from imperfect interface description, which was later remedied by 
introducing a Piecewise-Linear Interface Calculation (PLIC) scheme . 
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Level set method 



The level set method (sometimes abbreviated as LSM) is a numerical 
technique for tracking interfaces and shapes. The advantage of the level 
set method is that one can perform numerical computations involving 
curves and surfaces on a fixed Cartesian grid without having to 
parameterize these objects (this is called the Eulerian approach)}" Also, 
the level set method makes it very easy to follow shapes that change 
topology, for example when a shape splits in two, develops holes, or the 
reverse of these operations. All these make the level set method a great 
tool for modeling time-varying objects, like inflation of an airbag, or a 
drop of oil floating in water. 



M » « 



Level set method 

A very simple, yet 
powerful way to 
understand the 
level set method is 
by first studying 
the accompanying 
illustration before 
proceeding towards 
a more technical 
definition, which 
then becomes quite 
accessible. The 
figure on the right 
illustrates several 
important ideas 
about the level set 
method. In the 

uppeNeft corner we see a shape; that is. a bounded regton w,th 
well-behaved boundary. Below it. the red surface is the grapti of , feu* 
set function determining tins shape. and the fiat blue 
the plane. The boundary of the shape is then the zero level set of . whtl 
the shape Itself is the set of points in the plane for which is positiv 
(interior ol the shape) or zero (at the boundary). 




An illustration of the level v 



In the u»p row we see the shape changing its topology by sphumg i 
Iwo. It would he i|uitc hard to describe this (rmsfdrm&tton r 
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bv narameteming ihc boundary of the shape and following its evolution. 
OnevLxxjId need an algorithm able to delect ihc moment the shape split* 

,o two and then construct parametcrizations for Ihc two newly obtained 
cunc^ On ihc other hand, if we look, at the bottom row. wc see that the 
level set function merely got translated downward We see that it is 
much easier to work with a shape through its lesel set function than with 
the shape directly, where we would need to watch out lor all the possible 
deformations the shape might undergo. 

Thuv in two dimensions, the lesel set method amounts to representing a 
closed curve (such os the shape in our example) using an auxiliary 
function . called the level set function, is represented as the zero level 
set of by 

and the lesel set method manipulates implicitly, through the function . is 
assumed to take positive values inside the region delimited by the curve 
and negative values ouLskJc. ,j,h 

The level set equation 

If the curve moves in the normal direction with a speed v, then the level 
set function satisfies the leirl tel equation 

Here, is the Euclidean norm (denoted customarily by single bars in 
POEs). and is time. This is a partial differential equation, in particular a 
Hamilton-Jacobi equation, and can be solved numerically, for example 
by using finite differences on a Cartesian grid. | • ,,, 

The numerical solution of the level set equation, however, requires 
sophisticated techniques. Simple finite difference methods fail quickly. 
Upwinding methods, such as the Godunov method, fare better, however 
the level set method docs not guarantee the conservation of the volume 
and the shape of the level set in an advection field that does convene the 
shape and si/e. for example uniform or rotational velocity field. Instead, 
the shape of the level set may get severely distorted and the level set 
may vanish over several time steps. For this reason, high-order finite 
difference schemes are generally required, such as high-order essentially 
noe-oscillatory (ENO) schemes, and even then, the feasibility of 
long-time simulations i.\ questionable Further sophisticated methods to 
deal with this difficulty have been developed, e.g.. combinations of Ihc 
level set method with (racing marker panicles advreted hy the velocity 
field.'* 1 



Example 

Consider a unit circle in . shnnking in on iuelf at a constant rate, » c 
each point on the boundary of the circle moves along its inwards 
pointing normal at some fixed speed The circle will shnnk. and 
eventually collapse down to a point. II an initial distance field Is 
constructed (i.e. a function whose value is the signed euclidean distance 
to the S Hindary (positive interior, negative cxlcnorl) on the initial circle, 
ihc normalised gradient of this field will be the circle normal. 

If the field has a constant value subtracted I rum it in time, the zero level 
(which was the initial boundary) of the new fields will also be circular, 
and will similarly collapse to a point. This is due to this being 
effectively the temporal integration of the Eikonal equation with a fixed 
front velocity. 

History 

The level set method was developed in the I9WK by the American 
mathematicians Stanley Oshcr and James Sethian. It has become popular 
in many disciplines, such as image processing, computer graphics, 
computational geometry, optimization, and computational fluid 
dynamics. 

A number of level set data structures have been developed to facilitate 
the use of the level set method in computer applications. 
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External links 

• See Ronald Fedkiw » academic web pgc (htlpV/graphics. Stanford. 
eduMedkiw/i foe many stunning pictures and animations showing 
how the level set method can be used to model real life phenomena, 
like fire, water, cloth, fracturing materials, etc 

• Multivac (http://vivicnmallcl.ncl/fruniv/) is a C++ library for front 
tracking in 2D with level set methods. 

• James Sethian’v web pgc < http: //math be rkc ley edu/-scthian/j on 
level vet method 

• Stanley Osher’s homepage (hlip7Anvw. math.ucla.edu/-sjo/). 
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at the Couram Institute of Mathematical Sciences New York 
University. He is a MacArthur Fellow, and a member of the National 
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of the Immersed Boundary Method to handle in a computionally 
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fluid flows. This method has been applied in a variety of conical* 
including the study of blood flow in the heart, lift generation in insect 
flight, and wave propagation in the cochlea of the inner car. 

Pevkin received his Ph.D. in physiology from Ycvhivu University in 
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advised .17 PhD student* as of Apnl 2009. 
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Computational fluid dynamics 



Computational fluid dynamics usually abbreviated os CFO, i* a 
hnuich of fluid mechanics that uses numerical methods and algorithms 
to suite and analyze problems that involve fluid flows. Compacts arc 
used to perform the calculations required to simulate the interaction of 
liquids and gases with surfaces defined by boundary conditions With 
high-speed supercomputers, heller solutions can be achieved. Ongoing 
research yields software that improves the accuracy joJ speed of 
complex simulation scenario* such as transonic or turbulent flown. 
Initial validation of su.li soft* art prrlooned using a wind tunnel 11 
the final validation coming in flight tests. 

Background and history 

The fundamental basis of almost all 
CFD problems a re the Naviet— Stokes 
equations, which define any 
single-phase fluid flow. These equations 
can be simplified by removing terms 
describing viscosity to yield the Euler 
equations. Further simplification. by 
removing terms describing vurtscity 
yields the full potential equations. 

Finally, these equations can be 
linearized to yield the linearized 

potential equations. 

Historically. methods were first 
developed to solve the Linearized 

Potential equations Two-dimcftsKwtaJ 
methods. using coalormal 

transformations of the flow about a 

cylinder to the flow about an airfoil 

were devekiped in the l«L*fc. M ' The 

computer power as oilable paced a rrrat«i»w or tw it>i m \ 

development ol thrre-slimcnsaomJ «q—«i ««wn * m 

Micihisis flic lirsi paper on a pvjs.ii, al 
three d imen \wvul methtid to solve the 
linearized pxvenlul equations was 

h > ,,4, » "Hi A MO Smuh Of Dougl* Aimft t» 
’ Ihw nvth.sl discretized the surface of th. 

K,v,n ‘>’ to fes da« 
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of program* being called P«*cl Nklhod, Ihcir mcllxxl .t*cll w*> 
*in£1.6ed. «» that " did irwIuJc lifting flout and hence *a> mainly 
applied in *Np hull* and ureraA tutelage* The lirti Idling Panel Code 
(VWl w»» detenheJ in j paper written b) P-*ul Rubber! and Gary 
Saarit of Bocmg AirvnJt in 1968. In time, mare advanced 
three -di me n*ioeal Panel Code* were dc*elopcd at Boeing tPANAIR. 
A502 i. Lockheed tQuaJfuni. Douglav (HESSl. McDonnell Aircraft 
(MACAERO). NASA (PMARCt and Analytical Method* (WBAERO. 
USAERO and VSAERO) Some (PANAIR. HESS ard MACAERO) 
•ert higher order code*, utrag higher order distribution* of surface 
tuigu lari lie*, while other* iQuadpan. PM ARC. USAERO and 
VSAEROl u*ed *mgle tingulanoe* on each turface panel fhe 
advantage of ihe lower order code* wa* that the) ran much fatter on the 
computer* of the time T.day. VSAERO ha* grown to be a multi-order 
code and i« the rnovl widely u*ed program of thi* claw. It fur. been u>cd 
in the doelopmeni of many submarines, turface diipv automobile*, 
helicopter* . aircraft, and more recently wind turbine* lit *i*ter code. 
(JSAESO i* an unsteady panel method that ha* al*o been uted lor 
modeling »uch thing* at high *pccd tram* and racing ywhl.*. The NASA 
PMARC code from an rvl* * ervion of VSAERO and a dentalive of 
PM ARC. named CM ARC. it alto commercially a* ailablc 
In the I » o-dunens >ooal realm, a nutriber of Panel Code* have been 
developed foe airfod analysis and design The code* typically have a 
boundary Layer analysis Included. «o that viscous effect* can be 
modeled Pmfrw* Richard Eppler ol the University of Stuttgart 
developed the PROFIL code, partly with NASA landing, which became 
available in the early 1950* This was *iwm followed h* MIT Profc**or 
Mark Drela* XFOIL code Both PROFIL and XFOIL incorporate 
(•o-dimenoocaJ panel code*, with coupled boundary Dyer code* for 
airfod analysis wort. PROFIL utet a confnmuJ tranvfonnaiiori method 
for imcrve airfoil design. uhile XFOIL ha* both a conformal 
transformation and an inverse panel method fur airfoil devign. Both 
code* arc uted 

An intermediate ttep between Panel Code* and Full Potential code* 
•ere code* that ir*ed the Transonic Small Ditturbance equation* In 
particular, the threc-dunemoorul WIBCO code, developed by Charlie 
Boppe of Grumman AmnJl in the early 1980* hat teen heiv y ute 
Developer* turned to Full Pi*enu*J code*, a* panel ntelhodt could not 
cokulate the *»- linear flow prevent at Iran tome tpeed*. The firvl 
d*W option of a meant of using (he Full PnteniiaJ equation* wa* 
pubhdied by Eartl Man** and Juh« Cole of Boeing in 1970 Ft ante* 
Bauer. Paul Oarabediaa and David Kim if the Courant Invlilulr al New 
York Uivemty (NYU) wren* a temof tw* 
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airfoil code* that were widely used, the muvl Important being named 
Program H A funficr growth of Program H wav developed by Boh 
Melnik and hi* group al Grumman Aerospace a* Grumfod. Antony 
Jameson. originally al Grumman Aircraft and the Courant loviiiulc of 
NS U. worked wuh David Caughey to develop the important 
ihrec-dimemionaJ Full Potential code FLG22 in 1975. Many Full 
Potential tide* emerged after this. culminating in Boeing's Tntnair 
l AftJJ) c<dc. which still secs heavy uve 

The nett vtep wav the Euler equation*. which prurnivcd to provide more 
accurate volution* of transonic Dow*. Tie methodology u*ed by 
iamevon in hi* ihree-dmiemionaJ FL057 code (1981) wa* used by 
..then 1.1 produce vuch program* at Lockheed* TEAM program and 
lAl/Analytkal Method* MGAERO program MG AERO iv unique m 
bring a tiruclurrd cartesian meth code, while mod other tuch code* uve 
structured body-fiued grid* (with the exception of NASA's highly 
^’.i L ° CKhettf ‘ SI> LnTLOW code and Georgia 
Tech* NASCART-GT). Antony Jamcuin aJui developed the 
ihrec-dtmcntwnal AIRPLANE code (19851 wluch nude use of 
unvtructurcd tetrahedral grid* 

In the two-dimensional realm. Mark Drela ami Michael Giles then 
graduate tlidcni* ai MIT. developed Ihe ISES Euler program (actually a 

tuite of program*) for airfoil devign and anal* *. . Thi* r«u r.r*i k „ 

m 1986 and ha* hem further developed lo detign. analyw lad 
optim.re tingk or multi clement airfo.lv. a* ihe MS6S pogrom' MSFS 
*cev wide u*e lhn.ugh.xii the world A derivative of MSES for the 
JMJ . > . '' Airfn,U ,n J «■»*. » MISES. developed by 

1 uppy ^ "ungren while he wav a graduate uudenl at MIT 

?* Njvier-Stokct equation* were the ultimate target of develop 
Tuodi.ncnM.mal code*. such a* NASA Amc* ARC-n^t^T^ 
emerged. A number of threes menu t 

(ARC1D. OVERFLOW. CFLJD are ihr^*^ xe ^ fu f 
contributions t. leading to numerous commercial pack^ NASA 

Methodology 

In all Of theve appmache* the tame bowc prevedure it followed. 

• Dunng preprocessing 

* J* <&*** ***** proMem ,tdeth*l 

»e pfiyt^al rtUKleling .* defined - tor et ample, the MuaHaw 
am* ♦ enthalpy ♦ radialmn ♦ vpevir* *>«t*cr* 




JPA|OS lUPUJPp (Bjppds B q,IM pPUiqUIOD 
*uaqas Suiddan-puni pjqBts \||ruoiupuoaun |paou X|PiP|pduioD 
« qu* paumqo *oy /Cju«a upa up-pi | Pip jo piaoui b pps 01 sjisqPM 
w i3S*d pqi jo uiouoq pm) saiuBqaaw prauauinN pqi oj jo J3A|os 
1U3U13|3 |BJ13Pds B ipiAA pPJBpUIlS S|3UUBqa UI SMOy 3|qiSS3jdlUODUl 
JO spiaoui PPS Oi piroqpM M OJ3-D «{! oi JPjaj ubd no a p|JO/v\ aypuaps 
Pip ui psuib sauipqas Suiddais-auiu aipu pqj aauis iuouidoiPAop 
jppun \pupunp pib 3Jouu puios pire poippuu jupuipp |EJiaods aq, uo 
ppsEq sapoa CUD amippBPB poios are aiaqi ami, sip iy ino ppurea aq oj 
suoimnduios jo jpquinu ispyBuis Pip qiiM XaBjnaaB isaqSiq 3ip pAPiqaB 
\Pip Pauls *ppXo|dmp are sajnjBJpBnb uorrejoPiui ssnBQ jppjo q8iq ‘snqj, 
Siq si sapoa (rausuinu b ui pauuojjad pq oj suoi,ej3p)ui jo Jpquinu pqi 
ppuis ‘pssn pq isnui spjnpppcud uoireiisiu; luaiayja Xjpa ‘pjouuaqynj 
poqiaui aip jo aauaSjoAuoa pidsj pqi soaurerenS siqx (suoiiBondde 
CUD ui Jppjo qioi pip jo -8 a XyBOidXi) japjo q3iq Xjpa b jo s|EiuiouX|od 
pq 01 ussoqo are suopaunj isa, pire SuiiB|odiPiui pqi ‘jPAPMoq 
poippui lupuiap puiaads b uj - ujjoj pqi jo uoipunj 3ui)E|odjaiui 
jo ispi resuipq aqi si aaioqa |B3id^i isoui pqi siupuip|p jEjare|upBnb joj 
‘O c u ! WHd J3 P J0 aaoj ‘P-repuBis b uj suoipunj 8uiisa, pus Suireiodiaiui 
jo aaioqa pqi si 3uiqi ]Bpiup isoui pqx suiSpq uoiiBzppjpsip iupuip|p 
|EJ]PPds pqi pjpqM si siqi puy qspui iupuip|P [Bjppds PiPJasip b uo 
ppiupsaidaj aq louireo ppBds uoipunj iBuoisupuiip Xpiiuyui ub X|jbpq 
ponds uoipunj iBuoisupuiip Xpiiuijui ub 01 3uopq Xaqi - XjBjqqjE 
Xpp|duioa pjb suopaunj ispi pqi ‘X||EDireuipqreui X|pjn<i ureuiop 
3|oqA\ aqi jpao SuiiCjSajui puE uoipunj ispi XreJiiqjE ub Xq uoirenba 
|eiiupjpjj!P aqi SuiXidiqnui Xq puop XpBaidXi si siqj, uoireiniuioj ^bpm 
b ui pPisBP pq oi (uopnnbp (Biiupjpjjip jEiynd pqi) uisiqojd ppireuiaqreui 
pqi ssjinbpj u poqpui pdXi luauipp Piiutj b si poqpui luaiuap pjiaads 

poqpui luauipp | ejppds 

*X|3Aippds3j suoippjip puB 1 ‘ aqi 
ui saxny aqi pjb pus ‘ ‘ pun ‘soiqnireA ppAjpsuoa jo joiopa aqi si aiaq/v\ 
•pu3 qoBp ssojob p3iB|odi3iui si uoimps sqi pjpq/v\ ‘spu3 
3uiddB|J3AO jo psn ppnpuj saupuioaS aipireq oi sXbm jaqio aiBJnaaB 
PUB 1U3I3IJJ3 X|q3iq sapoa asaq, Suiubuj ‘sau,aiuoa3 xp|duioa SuqpuBq 
joj Xjnpunoq psppaquia ub jo asn p^buj sapoa aauajajjip piiuij ujapow 
■sapoa ppzijBiapds a\pj ui pssn Xjuo Xpupjjna si q uiBj8ojd oi 3 |dui(s 
si pub sauBuoduii inauoisiq snq (wad) poqpui poupjpjjip piiuij sqi 

poqpui saupjpjjip Pljuj J 

s3;uimjXp pjnp [Buontnnduioj 



luauipp aqi JO auiiqoA 

aqi si puB ‘jopbj iq8i3M aqi «i ‘stsBq luauipp ub uo pawajdxa uoirenba 
uoiibajpsuod pqi si ‘ xaya a luauiap ub jb (Bnpisai uoirenba aqi « aiaq-iA 
:ppuuoj ti uojrenbp [Bnpisaj p3iq8i3M b poqiaui siqi uj 
iti'WAd ^JOiuaui ajoui 
pjinbpj ubd i\3d ‘J3A3/AOH lrl qDBOjddB auinfOA aiiuy aqi ireqi a|qBn 
pjoui qanui si 11 Paipajssuod aq oi pareinuuoj Xynjarea aq isnui wad 
qSnoqqv suoirenba 8uiu»ao3 saiureuXp piny qiiM asn joj pantepc uaaq 
SBq uoiiB[nuuoj W3d 3l lL uoiin|os aAiiBAjasuoa b pjnsua oi area (Biaads 
spjmb3J uoireinuuoj W3d 3l H ‘JSasmoh sp! n U °l aiqeaqddB osfB si inq 
‘spi|OS jo sisXjbub |Bjnionjis ui pasn si (W3d) »“ 3aw P *»!»» "U. 

poqi-DUi JUPUIPP 31IUIJ 

1U3U13|3 

puiniOA lOJiuoa pqi jo epjb pobjjos pqi si P ub ‘iupuip|p PiunjOA lOJiuoa 
pqi jo puiniOA pqi si ‘(suoirenbp spi|ois-J3!aen ™ suoirenbp JPjng 
pps) spxny jo joiopa pqi si ‘sp^buba ppAjpsuoa jo joiopa pqi si PJpqM 
‘uuoj pqi ui suoirenbp 3 uiujpao 8 spiPiX uoiiBnbp PiunjOA 
Piiuij pill 3um,OA , 0 Jiuoa JB,na.yBd b qSnojqi spxny jo uoireAJMiioa 
pqi sppiuBJBn8 siqi uo.renbp aipu pq, 3zpa,asn> 

PAI1BAJ3SU0P B UI (suoirenbp SPH01S-J3IABN 3M1 J ^ 

IBI1UPJPJJIP iB.UBd 8 u.ujpao 8 pqi 1SBPPJ spoqiPUl puiniOA 
QJiuoa PIPJDSIP JPAO ppAjos PJB suoirenbp 8 uiujpao8 pill s 3 P° 3 
OJD ui ppsn qaEOjddB uouiuioa b si (WAd) P°m 3UJ 3Ujn I 0A 3lLL 
poq,aui PiunjOA piiui j 

:pjb ppsn 8uipq spoqreui uoiiBzilPJPSip pqi jo puios 
■ spoBuns lOBiuoa P ub ‘s^aoqs ifuipre qioq suoirenbp ^ojs-ipiabN 

pu, ^ -S 

SS | P U CI | ■oil. I .«.p an TO » o, iron *1 «!•»"“ S5 

•siup,qojd JBPUH Plduiis qi.Ai SB X,|Ba,,X|BUB 
ppqsqqBisp Xhbjpup8 si uoirezireJ^IP U3S0 M 3 1 

spoqjoui uoijBZijaJJSJQ 

-uo;in|os SuiqnspJ pqi 

jo uoirezilunsiA puE sisX|BUB pqi joj pasn 

B SB X,PA,1BJP1, PPAIOS PJB ^ 

•ppuijpp 0S1B PJB pub jno.ABqpq P! nU 

iup |q ojd pq, jo sp.JBpu.ioq aip W ' s ® J V Arepunofl • 

pqi 3uiXjiapds spajoaui siqi -p^'jap 

^uieu^p piny iBuoiiBindiuo^ 






'ST1 *<J psiejnum sr 9im>y 
I-IIMS psxiuiaid-uou « |o Suuapuaa xun| 0 /^ 



SNQ llT? Ml JsdRsqo jbj sj wq ‘spoqjsui SNVH UBqj 
ssojnosw pmoipindwoo jsibaj 3 ssjinhsj poqjsui siqx sspos iss||buis 
aq) Xq paunoui isoo puoijBjnduioo sqi 8uionpsj XjirsjS sjiqAi ‘psAjossj 
sq oj sousjnqjnj sqi jo ssjbos 
lURJJOdlUl JSOUl pUB lSS3jB| 
aqi smojjb siqx sppotu 
3 |bds pu3qns Suisn ps|spoui 
P3JJ3 Jisqi PUB ‘uoiiRjsdo 
Suusqij b qSnojqj psAOuisj 
3 jb a\ou aqi jo ssjbos issjibuis 
sqi qoiqAA ui snbiuqosj b si 
(S 3!) uojiBjnuiis Kpps sSjEg 

uoi)B|nuiis Xpps s3jBg 

uojja qjq ui itpsoo sjoui qonui si qoEOjddE 
siq» sousq pur sssssjis sp|ou*sy sqi \\v joj suoijBnbs yodsuEjj 
jbjsass jo uotionpojjui subsui siqx ’sssssjjs spjouKsg sqi 
joj suoijBnbs jjodsirejj sajos ^jjEnioE oj sjduisjiE qoEOjddE siqx 

(PVSH) PPOUl SSSJJS Sp|OU/(3H 
•pSAJOS SJB ( JOJ 3UO pUB JOJ 3UO) SUOJlEnbS JJOdSUBJJ 
OAA1 SSnBOSq JSpOUl ..UOlJBllbg OA\X„ B SI 3qi IpSAJOS 3JB SUOllBnbS 
yodsuiui ou ssnBosq ppoui . uopcnbg ojsz,, b si |3poui qjSusg 
Suixipq sqi ‘sjduiExs joj -poqjsui sqi qjiM psjBioossB suoijBnbs 
yodsuBJi jo jsquinu sqi £q oj p3JJ3j3J usjjo sjb qoEOjddn 
Slip ui 3|qBjiEAB s ppoui sqx | 6 |(qjiuis pur josqsQ) ppojAi 
uoiinnbg ojsz puB |6 | ‘(HPUbjj) ppoj\ qj3usg Suixij^ | 8l ‘(3uipjEds 
pus JspunEg) 3-5j spnjoui sjspojAj uoijBdissip pirc /(8 jsus oijsupj 
ius|nqjni sqi Suiuiuusjsp joj suojiBnbs yodsuBJi 3 uiajos ‘ppoui 
sqj jo uoiiBOiisiqdos jo |Sasj sqi uo Suipusdsp puB ‘Mjsoosia 
lusjnqjni sqi Suiuiuusjsp spnjoui qoiq/*\ sssssjjs spjouXsg 
3 qi joj uoijBnbs opjqs3|B ub Suisn ssajoaui poqpui siqx 

sissqjodXq bssuissnog 
isaqoEOjddB pcojq oaaj ojui pspiAip aq ubo sjspoui SNVH 
■ \Sj 3 U 3 sqi jo jsoui Suiuibjuod uoijoui jusjnqjnj sqj jo ss|bos suiji sqj oj 
psjEduioo s 3 jb| si jnooo UB 3 U 1 sqj ui ssSuBqo sssqj qoiqM jsao suiji aqi 
SB Suoj SB /CjUO piJBA 3 JB SUOlJBnbs 3 qj 3 S 0 p OJ pasn sppoui 33 U 3 jnqjnj 
sqj jnq ‘siqj apnpsjd oj SuiSbjsab spjouXsg ui jusjsqui Supjou si 
3 J 3 qX SNVm SB OJ P 3 JJ 3 J 3 J S 3 Uiij 3 uios si siqx P 3 JB 3 JJ sq X[[cnb 3 UBD 
SA\oy (/Obuoijbjs-uou jo) Xpnajsun X||B 3 ijsijbjs ‘jobj uj .psSEjaAB-auip, 
sjb suoijBnba sssqj ssnnosq mojj ubsui Sui/Ciba-suiij b qj{A\ 
s.iuuruXp pinu [Ruounindiuro 



kmou 0] X|ddB jou op suoijBnbs SNV)I 3qj lBqj uoijdssuossitu uouiuios 
n si 1J ajnsop jo spA3| juajsjjip apiAOJd ubs s|spoui snouBA qstqM 
joj suA\0U5|un jo josuaj jspjo puooss b sppB siqx SSSSSJJS sp|0u<sy 
sn UMOinj S9SS9JJS luajnddv msu sssnpojjui qoiqm ‘psA|os si suoijBnbs 
SiiiujsaoS sqj jo uoisjsa s|quissus uy Suippoui ssus|nqjnj oj qonojddr 
issp|0 sqj sjb suoijBnbs (SNVH) mjiojs-jsiabn pa^BJSAB-spiou/Csy 

SSqOJS-J3lAB\’ ps8RJ3AB-Sp|0U^3H 

suoiijpuoo [Bijiuj puB /CiBpunoq sjBydojddB sqj qjiM /([iBsusuinu p3A|os 
sq jsnui suoijBnbs jESuquou sssqx uu3j jusipBjS sjnsssjd pso|-uou 

puB JBSUI|-UOU B puB UL1SJ UOIJSSAUOS JBSUl|-UOU B UtBJUOS SSlUIBUXp 
piny jo suoijBnbs 3 u;uisao 3 sqj ‘jsos puoijBjnduioD psjBisossB 
sqj pin? sspos sujij puB qjSus| jo s3ubj api/w sqi oj uoiqppB q 
•/(oBjnooB pssBSJOSp jo uuoj sqj 
ui ssuioo jjospBJj sqj inq ‘aaoj /Cjsa si jsoo [BUOijBjnduioo sqj psppoiu 
sjb sspos jusjnqjnj sqj jo [|E jo /(juo(biu b ji jsoo puoijBjnduioo 
sqj jsq3iq sqj sjojsjsqj puB ‘uoijB|nuiis aqj jo uopnpssj sqj jsuij 
sqj ‘psAjossj sjb jsqj ss|Bos jusjnqjnj sjouj sqx ‘Psa|ossj sjb jBqj sspos 
suiij PUB qj3us| JO s3ubj sqj puB ps[Spoui sjb jBqj sspos suiij puB qj3us| 
sssqj jo s3ubj sqj uo pssnq psyissBjo sq ubo sjspoui sous|nqjnj jpssj 
b sy Moy jusjnqjnj qjiM psjBioossB ssjbos suiij pus qiSus| jo s3ubj 
spiA\ sqj uiojj ssuioo SA\oy jusjnqjnj 3uqspouj ui /Cj|noyjtp jsiqs sqx 
uoijoss siqj ui psjusssjd sjb s/v\oy 
jusjnqjnj joi sjspoui puoijBjnduioo pssn-yCjuouiuioo suios jo uojjosjss 
y jssjsjui jo ssiysdojd sqi siBjnopo oj s|spoui jBOusiunu sjbsjo oj 
si ssbo siqj ui qoBOjddE /CjBiuud sqx -sjqjssodui! ssqoBOjddB jsoui S5[BUi 
BUSiuousqd JO /Cjixsjduioo P ub ssjbos qj3usj JO s3ubj sqj ‘Moy jusjnqjn 
JOJ SSUIOOISA SB qons ‘jssjsjui jo ss.jjjUBnb pjs.X ubo 
b To Xjosqi b upjqo oj si SA.josfqo sqj ‘SMoy jusjnqjnj SuiXpnjs ui 

sjopoiu aouajnqjnx 

•3u.qs.u.u..p U0.1B.JBA JBJOJ s. uopnjos sqj JBqj ^susoj^jpjq 
xny jo uojiBOijddB sqi ssibjisssosu XjjBnsn siqx puooss 

sonpojjui jou op JBqj ssuisqos jBousuinu jspjo ij . )U3S3JC j 

jo ssn sqj ssjinbsj uojinjos sqi ui ssSubijo JJ* u0|jn ^ saJ . q 3 , H 
sjb ssiiinujiuoosjp jo sojooqs sjsqAi pssn s . M 



ssuisqos uoijbzijsjosjp uo.jnjossJ-qSjH 



•qssui soBjjns b ojui pspjAfp 
s , pmu Xq pa.dno^o tepunoq '“ 3U13 ' 3 *» U ' 

poqjsui jusuisjs yfjBpunog 



S3iun>u^p piny |Buouninduio3 




/Cjwpunoq jo Suijjps pm? Xjjaiuoa3 uia iq0 jd jo uoijBaijiaads s. pajmbaj si 
IKMl U V UOIIU3AJ31UI Jasn ibuiiuiiu qiiM siuaiqojd saiureuXp' pinn uSnoi 
• ,os joj sireaui A\au e jajjo poqiaiu xayoA aqj uo pasnq ‘ areA\jjo S 

„ liu'uoiiBinduioa |euiiuiiu 3uisn 

paAPtqoB ireiap auy aqj J0 asnsaaq ‘saure3 oapiA sb qans suoijBimuis 
aiuij-piaj ui ‘a^ouis jo sdsiAv SB qans ‘uoijoui Xjujuaurem guijBmmis 
Oi p3iins-ip/v\ XqBpadsa 3 jb Xaqx suiqiuo3|B |njss3DDns JO sisnq sin 
SI PUB S1U3UI313 X3JJOA 3qi UIOJJ S3l)IOO|3A aqj JO UOlJBjnduiOa |BaiJDEJd 
OI Abaa 3 M J p3ABd q3nojqjqBajq siqx -(aimusu! jUBjno;)) preSuaajr, 
1 pm? (3!B A ) uijqajoy A Xq uiqjuo3|B ub ‘(WNd) poqjaui a IO dmnui 
ISBj 3qi JO lU3U!do]3A3p aqj qjiM S086I aiB| 3qi ui aurea qSnojqjspajq 
V (saauanijui iBnjnui Jiaqi oj pap si sioafqo n jo uopoui aqj qajq^ 
ui) ui3|qojd Apoq-|q aqi jo uijoj JBjnapjBd b oi uoinqos aqj pjmbaj 
A9qi spjOM jsqjo ui - sjuauiap xayoA aqj ujojj sap'iaopA Suijnduioa 
/CipidBJ joj SUB3UI aqnbaj spoqiaui xayoA ‘j3A3A\oq jEDpaiud pq 
°X spoqiaui p3SBq-pu8 qjiA\ pajspossB siaajja Suiqjoouis |Biu 3 uiBpunj 
sqi Xq paiiuiq aq jou P |noA\ mqi A3o|opoqjaiu aajj-pu3 b sb padopAap 
3J3A\ spoqiaui xayoA aaua|nqjni ui sajnpnjjs pjaisAqd 3 qi Suppiuuui 
S)U3U13|3 IBUOpBjnduiOO aqi SB S33IUOA S3Sn JJ SAVOp jua|nqjnj 
JO uopE|nuns aqi joj anbjuqaai aajj-pu3 b s; poqiaui xayoA aqx 

P<)1| I A III \AJJO\ 

*uopn(OA3 apijred japjqns joj uoiinnba upaSuBg b oi 
spB3| siqi ‘uope|nuus Appa s3jb| qiiAA pauiquioa uaqA\ tspoqiaui apiysd 
ubi8uej3e'i Suisn Aq pa^orj) X|Uounuoa si jqj pqx ppoui b pjmbaj 
JOU S30p pul! pssop SI UIJ3) 33JnOK [BaiUlPqD 3qj 3SnB33q SA\0|j 3up.AB3J 
(Aipoiuiaqo 3upiqnuiis joj pjasn X|jB|nopjrd are puB lplltl |*ttioil3B3J 
|B3iui3q3 aquasap oj pasn pq osp ubp spoqjpuj jQd im dad P^^M'J 
pqj sauioaaq jaj pqi ‘uopB|nuiis Xppp p8jb| jo jxpjuop pqj ui P|diunxa 
joj uoiinnba yodsunji JGd ^qi jo uuoj pqj ui jnaao sppupjpjjip 
un’ui pqj tsppoui P3UP|nqjnj jupjpjjip jo jpquinu n jo jijoaapuibjj pqi ui 
pppddi? pq UB3 Xpqj j«qj ui pnbiun pjb spoqjpui jaj spipiynd jo jpquinu 
pSje) b Xq ppquaspp pjb sb8 b jo soiypdiud pidoasojpimi pqi qaiqM ui 
•spsb8 jo Xjopqj 3p3U;q pqj oj sno8o|Eiro si qpcojddB siqx puc uppampp 
3uipq jujod jb XjixqpA pqj jo Xjqiqrqojd pqj spai8 qaiqAA • ’XjioopA pqi 
jo joj juiod-auo pqj Sun|PBJ) uo ppsnq are ml ‘uai*punp Xq paanpuiui 
jsjij ‘P3UP|nqjnj joj spoqjpui (JOd) uopaunj Xjtsuap Aiqiqpqojd 

spoqjpui jad 

uotyod 

jupjpqoa s.ppij Mop sdS ^ pamuiiuop sum uopidissip sdS *P 
pp/Aoqs Xpqj *3uijpj|ij SAD P UT » SHI >poQ 8uiXo|duiP Xg sapas jpjpjqns 



aqj UIOJJ suopoui JU3J3q03 H B ppjBUIUIip Xpi3,duiOD jpjm JppABM 
3 qj jBqj 31UUSSB jou pip ,nq ‘uopcpuiis Xppp p3jb, oj ppoui SA -, p„, 
psqddB (II) 8p|0 pun upjsppo -sajnjanjjs psziubSjo ou psjiqiqxs qpiul 
‘3S|Ou punoj3>(DBq snosusSouioq pasoduioo avo^ sqj jo sired jusjsqoaui 
3qj 3|iqA\ (saqm xsjjoa) ssinjonjis jusjsqoo oj pspuodssjjoa pus ‘a\o[| 
|Ejoj sqj Xq p3j;qiqx3 uinjiaads X3 jsu 3 aqj pajiqiqxa A\oy aqi jo uoiyod 
]U3J3qoa 3qi jBqi p3A\oqs puB suoijBjnSijuop a\ou omj qiiA\ poqiaui SAD 
aqj pajspj jsppuqos puB sSrej ssaioas p|3ij mou aqj sb pajdBpB pq ubp 
J 3J|IJ 3qj puB ‘SJ3|3ABA\ UO ppSBq SI UOIlBJPdo 8uiJPJ|IJ Pqj ‘pBPJSUI J 3 )p| 
ssBd-A\oi ‘resuq b psn jou saop ji jsqj ui jupjpjjip jnq ‘uoijjod psjpqij 
pqi X|uo SPA|0SPJ pus uoijisoduioaap spsn 11 ppuis ‘sgT qi|A\ uoiuuioa ui 
qonui ssq qoBOjddB pqx ‘3UU3JIIJ jp|3aba\ 3uisn puop si uopisoduioapp 
S !M1 mj-MOU punojSjjoBq luopuBJ pqi si qojqM ‘jjBd juajpqopui pqj 
pUB ‘uopoui JB3IJJOA pP/IUB3jO JO 3upSjSUOO ‘JJBd JU3J3q03 B 01UI p|PIJ 
aao|j jup|nqjnj pqi spsoduioosp qauojddB uopB|nui;s xsjjoa juajpqop pqx 

iiopuinuiis xojjoa jupjpqoj 

SUOpEJn3lJU03 A\OU JO SPUJPUIOPS X3|dlU03 qi|A\ SMO[J JOJ 3|qBJ3BJJU! 
si SNG iou‘ 01 P*uopjodojd si isoo |Buopnjndui03 pqx ‘PAisuadxp 
X|3ui3Jjx3 si jnq ‘s|ppoui jo J33JJ3 aqj sazqnujSreui siqx ‘sp|B3s qiSuaj 
jup|nqjnj jo 33 ubj pjpua pqj s3A|ospj (SNO) uopBiniuis iBDUPtunu jppjiq 

uopniniius |npjjpuinu jppjiq 

suoptqos pqi jo suofSai SHI 
pqi puB SNVy pqi SSOJ3B ppij Xji30|PA qioouis P|8uis n sppiAOjd pun 
qPBOjddB |Buo/-uou B sj S3Q qPJ!^ s SHl'SNVd 3 W> 01 3n P 3sn ‘ ) S3T 
j° SNVy P|duiis b joj UBqj ppjop||duiop pjoui sj uopiuPUp8 pug ppoui 
S31-SNVH puqXq c sb DAnqpq (sppoui uopnnbp omi P5ji|) sppoui 
jpqio uo ppsBq S3C1 ‘PP 010 ll nM " S33 SB 8 1 3B S30 P 3SB£ l l 3 P® ul 

sBJBUi||v-ireHs P|!MM os ppoui SNVH 3 m u ! P^I 0AB ! Xppqdui! 
jo XiiipqdYP si qaiqAi p|bps qj8up| pqi 8u|Xj!poui Xpjnudojddn Xq *( 1003 
‘S)P|3J1S) sppoui SNVH «m° M>! M P 3 > u3UJ3 l duJ ! “® 3 ’! (Z - 66 ' J® 
IP UBiBds) ppoui sEJBUi||V-V B l Bd S 3 M» J °J P 3 1 ,: l nuuo < 
q8noqx uoijBjnduioa pqi jo jsoa pqj UAiop Suijjno Xiqnjopisuoa Xqpjpqi 
'S 33 3Jnd sb 8 u. P ubiu 3 P sb jou s; S30 u°!Jn|0*M PH« aq, woja»qi 

•ppoui S3! am Suisn P da|os are suo. 8 pj pqi ‘uo^uaiuip pu8 ! aqi sp 33 * 3 
P|B 3 s qj8up| iup|nqjnj pqi *V uo|in|os jo Ppoui SNVd ^ ‘ • 
are uoisuaunp pu8 uinuiixnui aqi usqj ssa| si ppas qi | J I V 
pjpqAi pire sauBpunoq pi, os reau suoiSay *uo m nw SBTI «j qjnoua 
puij suoi8aj ui uoiiB|nujjoj apas pu8qns e oj I P® ^ pjuanioa 

ui ppoui SNVH B J° uoijBaijipoui b si (S3Q) *** 

uo(jB|nui|s Xppa paqJBjPQ 

W 

**U“uXp piny (BuoqvuuJuj03 





Nasi -"'i 

* m>xi it* oojj («oor > 3pi«crvo.i| !M ui 

: fcoow h.'C»t -ekkvo ioi nwr > ’Hwywjk 6I spo.xpa 

*t>C r.w*^.v« /w/tWy Ml vpnv/JM’ wdiuoj «mou 

iUHf«MM.|o uoowdaluj mu»m N am. > *uipi»d S ' a q v H a •wpumr, | H | 
dMd ft |»«»dAuo3»niiiM.x>ui-|na!j3uinu//:diii| |^| 
i-uiaiqdqd vapui/pjx^d npa /vvd |!»ui ppo//:dim |g| 

„ 1 **nM TP* P>m) u»mii9ug jqf 

, yj n »«•»/? 0 , nnj XS66I I Q 1 uuiXg put "y g •uouuoqj 'p » MsuqsnH ISl 

losi’um/eooinriop *£sil~60i i 

igi (9 XHUttuiXvj UI tjuy» n ftHUMimfsi joJ imunof /mioi/motm/ „suopn|os 
(fuwunu Utpqvuuais^iip {vqiqg »juo jjqSiq :>>omrcuXp st8 ui poqpui luaiipp omiy 
jo uofsm q. 1EOOC Xmuqagi N'f ‘Xpr»H t'M'd ‘stduax ‘• S ‘"IIV : V'n ‘uuiuns lt>) 
Rt LO iCWC pavauiaa SuussuiSug aacdsoiay jo [ooipg uipqusSSno 
tanraa ‘(/U«»s«u/ui^injsp|do3d/np3 q33)t8 3C M/s\M//:djiq) ..1HV3SVN., [f I 
' '9'E0006(£9) I CPO-94fO/9 101 *01 
HI 8 S*V4di.96l ’poaqia 8E1-I ’•% xgouaiog sjtimtuojiy ui 
1 SOfCP*>9P9q« I SMj«cttt.3S«6?P6C6c=SPuiyo I =pu 3S ir TO =uoix« A |jn- 
T I =uois»A-y 1 cr0S0000D=P3E"y9i I =P _ y:>=M3!Ay=ioq3UB3op- 
Wti.S=«p3 yqareas=guo 5 , qS!q=iuij-5>|=Dopry269€0Z.6£EI=P!lB - 
Vi961/I€/CI=SW3»A03 Wl=J3sn-^ce-iAdl l8fr-A£A9a=!Pn _ 
«nan»P?uv=qo tMU3ps/woDu>anp33U3PSA\A\M//:diiq) ..saipog 
AJ«U«qJV «noqy «o(g pinusiog jo uoiiB|ro|e 3 „ (^961 ) qipus O IM V i'Tf ‘s«>h \Z\ 
X086l998t<) N8SI 

suoiiBOiiqng jsaoq ■sommuKpojsy /iwipjoai/x '(££6 1 ) W1 ‘uosuioqx-aupiq [ [ ] 

sajoj^ 

l6|| -S3JBJ SSUs 3 jSAUOS }USpUSdspUI-qSSUJ JSAl|Sp IBqi SJSUOpipUOOSjd 
oj p3| SABq suisisXs squijsp 3up[nssj sip joj pu3;i|nui qiiA\ 
pSUiquiOS UOpBZUOlDBJ fll >PO|q UO pSSBq SSSUBApE JU3D3J mq ‘SS1EJ 
ssusSjsauos luspusdsp-qssui iiqiqxs qoii|A\ suiqiuoSjB EA\czn pUB 
31dWIS a» CUD UJ pasn X[uouuuos spoqpjAi lltl ,-3uiuop!puossjd 
sapssjjs JOJ pssn 3q isniu sjnpaps uisiqojd sip os ‘Xpjpus 
||EJ JO A|JOOd UUOJJ3d puSpinUl PUB ‘ZJBAVqOg 3AI)ippB ‘UOpBZUOPBJ 
fn SPjdlUOSUI SB qsns SJSUOpipUOOSjd ‘suisisXs SllUIJSpUl JOJ 
SUOpEJSlI JO J3quinu )U3pU3d3pu;-l|S3UI E OJ 3uipB3| ‘SJOJDBJ JB[IUIIS 
Xq jrnpissj sqj jo siusuoduioo jjb ssonpsj pu3|i[nui ‘s 3 |bos 3|dp|nui 
uo Suptusdo Xg sonpsj oj suopBJ3j; Xubui sjtnbsj XpBoidXj sjusuoduioD 
XDU3nb3Jj-A\o| jnq ‘jBnptssj sip jo sjusuoduioo XDUsnbsjj-qSiq oupnpaj 
JB 3AIJ33JJ3 3JB SJ3U0ptpU033jd pUB SJ3A|OS IBUOpjpEJX SUI3|qOjd XUBUI 
uo 33UEUuojJ3d |Biupdo X||BDpojduiXsB jo aSBiuBApB aq] SBq pu3p|npq 
•jojBJsdo psuopipuoDSJd sqi Xq 
P3JEJ3U3§ S33BdsqnS 3AISS3D3HS J3AO JBnpiS3J 3qj SuiZIUllUIUI Xq 3JBJ3dO 
‘3uiuopipuoD3Jd qjiA\ pssn XpBOidXj ‘SHdWO SB M 3ns spoqjsiu ao|Xj^ 
spoqjsui sondsqns aojXjjj jo uopbxb| 3U3 ao SAjSssoons sb qons spoqjsiu 
Xjbuoijbjs J3qjt3 ‘pssn sjb spoqjsui saijbjsii os ‘sjsajos pajip joj s 3 jb| 
ooj Xpuonbsjj 3JB ‘ae ui X[jB|nDijjBd ‘stusjsXs qons Xjqiqisssjduiosu! 

saiiuBuXp piny [BuopBinduioo 



JO 33U3X3jd 3qj UI 31(UIJ3pU| pUB UOIJSSApB JO SSUSSSid Sqj UI 

niJjsuiuiXsuou s\ q.iiqM vuoijBnbs jmui| jo uiajsXs b vajnpojd uonrjau 
PJBSIJ JO UOJM3W B SuiXlddv suoirenbs SIBJaaSir maiiiiiinii rlimnim 



*uuu HI q.iiqM luopmoo JB3UI| JO UPlsXS B S33npoid UOHBJ31I 

pjiPij jo uojMOfq b 3uiX|ddy suoipnbs siBjqsSp; jBSuquou (XpBnsn) 
jo ujsjsXs B Suisnpojd ‘suoijBnbo |Bpu3J3jjip Xjbuipjo sqi sjcj33jui 
oj pssn X||bj3us3 sjb spoqjsuj jpqdujj-iujsA to jpi|duq siusiqojd 
XpBOjs joj suoppnbs 0iBjq38|E pus sui3|qojd XpBsjnin joj cuopBnhs 
|Bpu3J3jjip Xjbuipjo jo ujsjsXs b sssnpojd socds u; uopBzpsjssiQ 



suujjijo 3 |r uoijniov, 

3SBqd pasjsdsfp 3qj joj uopoui jo uopBnbs 
ubi3ubj3bt sqj 3 uia|OS uo pssBq sjb ‘Bipsui pssjsdsip joj pssn sjb qstq« 
‘s[Spoui ssBqdpjnuj uEi8uBj3Bq ssbjjsjui sqi jsao psSejSAB ssn|BA 
sqi uo pssBq si uoisusj sDBjjns puB Xiisossia ‘Xjisusp sqj jo uopBnpjAS 
sqj souis iBioruo si siqi • ssbui Suiajssuoo jb jo ssbjjsjui dJBqs 
e 3UIUIBJUIBUI ui poo3 Jsqip SJB spoqjsiu ssstp jo jsoj/q ssqsBOJddB 
S[qBn|BA osjb sjb §ui>j3BJi juojj puB poqisui iss |SAsq sqi jnq ‘ssppred 
pssjsdsip SABq iou op jBqj suisjqojd joj ‘XpjB| uopuspB jo )0| b 
psAisosj SBq poqjsui piny jo suin|OA sqi ' pssodojd ussq SABq spoqjsui 
lusjsjjia jusuido|SAsp jspun pps si a\ou ssBqd-OMi jo 3uqspoui sqi 

Moy aseqd-OMX 

•psindiuoD X[sjBjns3B sjb ssppirenb 
[ejSsjui (Bpussss sqj icqi os ‘psyspBS sjb sa\b| uopbajssuos SJsqA\ 
‘spoqpui SuunidBD ^soqs oi jb|iuiis si uopBnbs ssusjsjjip squij sqi 
oi pssoddo sb psAios si uopBnbs ssusjsjjip psuquou e ‘ssjnjBsj sssqi 
uiqiiyw suss pu3 z sb A'SJ sb uiqiiAi oi ssjnpsj s|bss |[buis sip sjnidES 
ubs 3A SuipBSjds |BSUSUinu ou qiiA\ uopn|OS siqBis b ssnpojd oi 
qsBOjddB sxq saba\-Xjbii|os b sssn « ss^a\ luspqjni jo uopBinans sqi 
ui pssn snbiuqssi UBiJS|ng ub si poqpui OA) lusuisuijuos Xippjoa sqi 
poqpui iusuisuijuos XjispJOA 



3ures , psicinuiis X PWnOT » 5SS ' 

JO S!S X,BUB ,03000,0, ,0,00,0 » W ‘ 

UOT,Pjqi|CO jo Su,,opoui ON •X,p!011U0pi IWWI ” • 

• H l ■ S3! PUB SNVd Ml!* P3IB?3° SSB 

SUOPBJS1I snojsuinu SuiiBUiuiqs snqi ‘ssiJ-puS XuBspswd^ii^^ 

Ujspoui siqi jo ssSuiuBApB lUVPijiuSis sqi 3uouiv suopipuos p i. p ^ 
saiUiEuXp pirqj [nuoinnnduioj 








S0Z-UK4 6>§* 

,truo„oujj,ui 

jjq’ ipX* 3 AJ^AN^-l^ ' lk 90t«l 5r <r0** dU.'W'Ktwp^iU'l-^SHOCIV^Va* 

♦ipJ i^n«c^i6fW6i/Sjo w<« *«» rv*f\zn(#**P*y=*> 

fM^WMHf 

-HMH 3 MW OOC °! pw»U * 
aajoj Suricnionu qji* v 

pire *sX|«u» uy. ‘iivuo^ n J*J*Z *t*ppts M*S H mxmi “TO • 
CZZS9I 1680 NflSI V »l**l **»S |*au*u. 

pire s3iireq:»w ui spotp^v fruorjnndoioD no «9U9$ ajstpfcitzBH 
mo/j pwy puv j*fnau± it> 3 H Iojumbh <086 1 ) «nps *T«Wd • 

:£89iood» .vssi *w«s 

IIIH'^^CPW ipcK/^uu^uou^/aDusios nu i m jyd rf y pm wn^ 

?H± :sjttumj.<(j piny pjuoiivjndwoj (^61) a «f°f “aouspiiv • 



S3|durex3 

aonBjnuiis a-T") jnjssacwns jo ssjdurexg (/p.p/iU3qD/uonEDt|dde 

/^snpuiAU03 |0SUi03 A\A\M//:dii4) S3uoi$ ssaoons CUD • 

(XSoiouqwx jo /<iisj3Aiun puniuvoa) 

uiuizn^j uiiuiQ - (lunM Pja/anuipjo/uiuizn^-pp puniuyop-iun 

^nBuisqiEui MMAv//:djiq) CUD °l uoponpcuiui :asjmoj . 
(33Ed _ uirj/v/piiM/^03 3 u !I U0 -PJ :) M/v ' /tt // :d »M) PHM-CUD • 
•qsy opoqoj 01 S33U3J3J3J qii/w ‘ssSeun pire S3|durex3 Xirej^ (|unqs 
Y3j-s3iireqD3Ui/uioD sioqojjoXi3ioos A\MM//:djjq) |cuomx aJD • 

S5JUII IBUJ3JX3 

S3;ureui(p piny [BUOimndtuo3 



CTWCjoo cTfa^ ioc w wei-o^i 

:( £ ) LZZ * 3 J»C Hd V^otn^nthuoj Jo pmimof . a wo w to — I 

3qi joj iisuoutputroid pcaj-njm fX’N mam&mo pm bmmmm 

V (800c toniref) y areuiumi :jj Tjwx^pmjs :f ])WS : A r l* 33 """li 

n:oooto6C6fC960s/cion)i : wp xn-i n «**— * 
Djjy • sujpiocud nnod-sjppcs jo noonjos i*3usam\, iSOK* ' < W 0 O I S I 



[3]ui (/| -u^-s3ureg<^L\-Joj-tioa«P^1^,' s ^w/>i*-i«^ 

//•.diiu) sauicnosPA *1} uoneprans PP*U. 1600C M®!* TI*Wi '•fwoo LI 
H . T-nxiwc8^i-0 9£wi0ix)i ?y 

d6l riI"SD3W86l ®P«q!a T6l-t.Il II "* ou S 
C Sjtuj w tKuSojJ s«oy a\i pwu nwpKpmJOl •spwpsra jQd- ^SS61 * 8 S "Wf’ 1 
"9-6KK9“ I c£-0"866 N8S1 <nssa*»n 

sSpuqure j swotf Suiuvjj nvptqjra lof s ppou jmomm^mj -\ iOOC > ' 3 “P° a * 1 1 

/fC608 »/^lI)i:W>T)66r "01-tM8 66» 

:(7 ) ni v Wldf 0 owitf L S -*°U ^ un;CAI lu3 ‘ T ^ xni - ,0 uol5r l rujtt ' _____ 

Joj uonriunj Aitsuop pa»i|U_ (8661 1 8 S ‘* kj d : d M -'’ 9 ^ J v jron. j (o ’ 

■lOTUfloraw w ti" i-ii 

LMU3|nqjni smwu^Soiiioquou joj uoosnto t 5po»M. ' 

0C6fc^i uudtoo: ^'8 ^,TSkt iSannSp^iiii 

Cpposajri 3\udcpc 1U3J3MOO jn.-ttpois. :(rl99Ut >.j^ou«o 

DrorurtLUJwa-w^ 

"°IJ 3u '^l -wptijps JUFIS -3iJ»d 1 11 1 

V ‘(SAD) uopsirmns vsjjoa iiwj*pO. ll°°<- ^ ^9^^1^50-816 K8SI 

«=*, < W n ^p«»o *“U “ W " J :,mK ' " s ^ 101 ' k 

iEuSp piny pjuoiieintfuKO 





worn Ayvuopvinduioa S i q^oiddr siqi (S3D uopBjnuus Appa aSjE'j 
3ip si uoirenba sa^ois-jaiAEM aqi Aunauauinu 8 uia|os joj anbiuqaat 
jaqiouy suoirenba SNYU »M1 °J wnsop 8uuq oi suopnnba inuoijippn 
JO Apuba r ppB qaiqAA sppoui xss pu* '(uo|isda-50 3-if ‘(n3auio->|) 
'sTuruinv-UBieds aqi apnpui sppoui 3iuo§ SA\oy luapqjni 
8uippoui uaqai suouBaqddB (qj 3) saiureuAp piny inuoijrjndtuoo 
|«3l)3Bid ui pasn are ‘sppoui aauapqjni qiiA\ paiuauia|ddns 
‘(SNVd) snononba sa^ois-jaiABjq pa8njaAB-sp|ouAay aqi sb 
pans suopnnba pa§Bja\B-aiuii ‘sup jaiunoa ox ApreudojddB agjaAUoa 
°) spry q.Aiq.w ‘uonnps ApBaisun-auip b ui j|nsai ApBaidAi joajos jeuiuib] 
b Suisn Moy luapqjni sajos oi siduiany ‘(uopBinuiis pauauinu pajiQ 

33S) UOUB|riD]B3 JOJ 3iqiSB3JUI ApUBaiJluSlS S3U10D3q 3 Uill |BU0llBjndlU03 

3qi iBip uonrqossj qsaui auy b qans sajinbaj siqi jo uopnps 
3|qBis 3qi ‘ A\oy ]U3|nqjni ui paA)OAu; aiB ibiji sapas qiSuai-Suixiui 
> uaj3 JJ[P ApireayiuSis aqi oi anp puB ‘qnayjrp Apuiajixa si A\oy 
luspqjni joj suopBnba ss^ois-JsiABjq aqi jo uopnps reauaumu aqx 
Apadojd aauapqjni aquasap suoirenba 
s3>jois— jaiABjq aqi iBqi ‘Aiureyaa qiiM umoujj iou q8noqi ‘paAaipq si 
II (BIU3U1 Aq paiaajjE si A\oy aqi qanui A\oq saijnuBtib jaquinu sppuAay 
aqi) reuiurei aq oi puai ipuis are spajja piuaui ajaqM sA\oy aauaq 
iuopBjapaaB 3Aiia3AUoa puB iu3pusd3p auip jo uopBuiuqno aqi :a[OqM 
b sb piny aqi jo Biuaui aqi oi anp si q reqi paAaipq XynjauaS si 11 -SA\oy 
piny Xubui ui uaas JOiABqaq aiiocqa luapuadap auiii aqi si aauapqjni 

aauajnqjnx 

pooisjapun puB paipms Ajqgnojoqi 
aq uaijo ubo ‘iou jo ajqEAps ApoBxa jaqiaqAi ‘SMoy qan§ aizzou 
SuiojaAuoa ipuis b qgnojqi (po ‘ajdurexa joj) piny snoosiA b jo aSBSsnd 
aqi aq ppoAi A\oy (luajnqjniuou) jbuiujb| inq aApaaAuoa jo a|duiEX3 uy 
AiuEauquou sajoaui piAV ‘iou jo luapqjni jaqiaqM ‘A\oy aApaaAuoa Aub 
‘ aauan uopisod j3ao AipopA ui aSreqa aqi qiiA\ pareposss uoirejapaaE 
ub si qaiqM ‘uopBjapaaB aApaaAuoa oi anp si AiuEauquou aqi 

•ppoui suopBnba 

aqi iBqi aauapqjni aqi oi joinquiuoa ureui aqi si pus 3A|OS oi a|qissoduii 
jo unayjip suiajqojd isoui sa^pnu Xiireauquou aqx suoijBnba jnauq oi 
payqduiis aq ubd suopnnba aqi ‘(Avoy 3uidaaja jo) A\oy sa^ois puB A\oy 
|Buoisuauiip-auo sb qans ‘sassa auios uj -uoireniis paj XjaAa isouip u; 
suoirenba pnuajajjip piired jBauquou are suoipnba sa^ois-JaiABN aqi 

AjuBauquoM 

saijjadojj 

suonrnbs 



•sauoiaafBJi 

snoiJBA ainduioa ubo auo sasodind uoiiBzqBnsiA joj jaAOMoq :piny b joj 
asuas ajoui sa^BUi uopisod jo psaisui XiiaojaA 3u|Xpms umnuiiuoo b jo 
uoipayap jo apiUBd b jo uoqisod jo sauoiaafBJi XjpaidXi are suoimps 
ajaqA\ ‘saiuBqoaui paissBp ui saas Xipuuou auo reqM ujojj luajajjip 
si siqx ‘punoj aq Aeui (aojoj 8bjp jo aiBJ A\oy sb qans) isajaiui jo 
saiipuEnb jaqio ‘joj paAjos si ppy XpaopA aqi aauo atun pire areds ui 
luiod uaAi§ b ib piny aqi jo XjiaopA aqi jo uouduasap b si qaiqAi ‘ppy 
A\oy jo ppy XipopA b paipa si suoirenba sa^ois-reiABN aqi jo uounps 
y XipopA jaqiBJ inq uopisod iou aiBiaip suoirenba sa?(ois-JaiABM aqx 
|n aiduiBxa-jaiunoa b jo uounps b 
joj azud 000‘000‘I$Sn B pa J 3JJ° P^ saUEUiaqisui ui suiapojd uado 
lireyoduii isoui uaAas aqi jo auo siqi papBO seM ampsui saireuiaqrew 
Xbj3 aqx ‘siuaiqojd ssauipoouis puB aauaisixa sa>jois— jaiAE^q aqi 
papBO a-n; asaqx (ssauqioouis) XitrepSuis Xub ureiuoa iou op Xaqi uaqi 
‘isixa op Xaqi ji reqi JO ‘(aauaisixa) isixa sXbmib suopnps suoisuauiip 
aajqi ui reqi uaAOJd iaX iou aAcq sirepuBuiaqreui ‘sasn popawd 
jo a§uBJ apiA\ Jiaqi uaAi8 ‘XjSuisudjns reqAiauios asuas reaireuiaqreui 
Xpjnd b ui isajaiui reaj3 jo osp m suoirenba sa^ois-JapBN aqi 

•saiureuXpojpXqoiauSBUi Apms puB 
ppoui oi pasn aq ubo Xaqi suoirenba sjpa\xbiai qi! M pa|dno3 sSuiqi 
jaqio Xubui P ub ‘uounyod jo sisXpuB aqi ‘suoireis J3Aiod jo uSpap 
aqi ‘A\oy poop jo Xpnjs aqi ‘sjbo pire ijbjojib jo uSisap aqi qi'^ jjpq 
suuoj paijqduns puB n n J -naqi ui suoirenba sa^ois JaiAEN aqx 
b punore toy jib P ub adid b ui Aioy joibai ‘siuajjna ubodo ‘jaqiWM aqi 
ppoui oi pasn aq Aeiu Xaqx isajaiui atuiouoaa P ub oiuiapBOB jo s 8 upp 
Xubui jo soisXqd aqi aquasap Xaqi asnBaaq injasn are suo 

•uuai ajnssajd b sn(d ‘(XipopA 

jo iu 3 ipcj 3 oq. OJ icuoijiodojd) uu a , snoos.A ^!P « 'J° ““ 
oqj si ssans pmjj 3 qi loql uoildiunssc aq) W* saaucisqns 

oi mej puoaas s.uoiwaN Suj J|ddE ujojj asuE suo.i J3(AEr , 

pmu JO uoijom aq, aquasap 'saqo.s 
smoq-apnBQ jbijb paureu ‘suopBnba saqois-^ . N q 



suoijenba sa^ojs-jaiABN 



s35(oisj3iaen 





a»z oi pmbo si ( Aiijiuoa poi|B 3 ) 
aii.x>|sa sqi jo |jio sqi wq« **ioy |Buonmajji ui ssn snq uuoj sq^ 

ltl> ,:3An«Auap 

JosttjJ * liwpiM psssaidxs sq ‘Aipuspi sn[nop» jojooa b Aq -Abui uusj 
uoiiooauo 3 sqi lusipajg lusuoduios Aq jusuodiuoo sqi 01 ssmuipjcos 

UBIS3WB3 UI (Bnbo ‘JOIMA V1IX>|3\ 3ip JO 3AUBAU3P J0SU31 3qi SI 3 J 3 q 
(A/^) A SB UOjll!).->jdj,l)U| 

If) SAIlBAUSp JOSU31 31(1 JO SU1J31 UI 3U0 31(1 UBl(l J3(dlUlS SI Jl SB p3lU3J3jd 
si uoiiEiu3S3jdaj snp AyBnsfl pssn si jopusdo uoiio3ApB 3i(i sjsqM 
SB U311UA\ U31J0 SI UL131 UOI1D3AUOO 31JJ, 

A(J^ A) SB UOIlB13jdj31U( 



:Mq pucx>* « uoiaos* jo nxam» e « «p 

ia/*a 3AiiBAU3p jnopsai sqi ham m» nu« 



°9» * * 



* 



Sunisddpn uorrEj3|33oc nB si 
aiwp uiuq (mou siqissaiduioo 
aroosqns jo siqtssaiduicoui 
SnimnssB) jonp SmSiSAip aqi 
UMOP S3\OUJ Jl SB S31BJ3|303p 

pmo aqi •(Juapuadapui auin) 
spews 9q <bui Moy sip qSnoqjL 

U0II33AUO3 JO 3[duiCX3 Uy 



|£| '3AllBAU3p 1UBUBA0D 31(1 SB p3l3jdj31UI 
SI papiAOjd UISISAS SIBUipjOOD 

aqi jo luspusdspui ‘unssj suies 

31(1 3AI§ SU0|lB13jdLl31UI qiOg J0133A 

AllOO(3A 31(1 JO 3AI1BAU3P J0SU3] 31(1 qi[A\ 
SB jo sb J3ipi3 pspjdjsiui sq Acui qoiqyvs 
lAipirenb jbsuijuou sip Aq 
p31U3S3jd3J SI U0J1BJ3[333B 3A1133AU03 
3(zzou b ui dn Suipssds piny 

Suisq 3(duIBX3 3U0 ‘133JJ3 (BllBds B SI 
P(3IJ MOJJ 3ip JO UOI1BJ3(30DB 3A11D3AU03 
31(1 ‘UOI1BJ3J330B lUSpUSdsp 3Uip 

Suiou3U3dx3 paspui 3 jb s3|D|iJBd piny 
(BnpiAipui 3[U(M 33Bds Ol 133dS3J ipiM 
piny b jo uoiibj3|3D3b luspusdspui 3 U 1 I 1 

JO 133JJ3 31(1 :U0I1BJ3(333B 3AI133AUOO JO 
33U3S3jd 31(1 SI SUOflBnbs S35(01S-J3IABN 
31(1 JO 3JniB3J lUBOyiUolS Aj3A V 

UO|(CJ3|300C 3A!)33AU03 



(SS3J1S JB31JS pUB 3JnSS3Jd) SS3J1S 
JO 33U3gj3Aip PUB (AllAEjS SB l(3ns) S33JOJ Apoq JO UOIlBUUUnS B 133JJ3 

ui si uoiisnbs 3ip jo spts iqlu sqi (lusssjd ji ssmuipjooa pjiysui-uou 

JO S133JJ3 31(1 OS(B) S133JJ3 3AI1D3AU03 JO lUSpUSdsp 3Uip JO pSSOdlllOO 
3q ABUJ PUB ‘U0I1BJ3(33DB S3qU3S3p UOI]BnbS 3ip JO 3pis y3| 31(1 

suojjsnbs sj^oiSJJi'BN 



XqooBO aqi sb umotq *i pas amaqno •— a TT ^ m , ^ rA 
3jqeor|ddB si uonunbs snppq m tmmmm e oi «q pros. tntMv 

JO UOIlBOflddB UB 91 Jl PUB ptny t rn mnffsn KCT JO thu^u 
3ip JO 1UJUJJ1E1S b sc stqx jorjBJsdfj pp sqi v pm pny jqi «o %■ 
( 3 Uin(OA pun isdj saaio j Apoq suuujdsj pan josnai i ixjn*nopi 
sip si *3Jnss3jd sip si d Apsiop piny sip si Ajnop* «oy sq i « ajgq« 
^ Bonora pmy jo swjrpwfe 3qi 
jo uuoj [BJ3U33 aqi -souslisjsj jo sujejj (BTuaui OB q j*ny sip jo aoruod 
AjEJliqjB UB JOJ U311UM 3uisq (uoqBAOsuoo Ainas pas ssesb 3pisIao(B 
usijo) uiniU3iuoai jo uoiiBAjasuoo :aab| paoo3s saoi«3>q jo aonBoqdtfc 
ub qiiM suilsq suoiiBnbs s3^ois--OfABjq 3qi jo aoqBAuap sqi 

U0pdU3S9p pan a0pBAU3(I 

1SIX3 ‘I (02 JO SB nou op (poofq sb qons) spiny jo spur* 
jsqio jo A\oy sip joj sjspoiu (bjsus! Apm uesoii Imsq dn spas (spoai 
Aiisoosia sip ssnBosq ..sjdiuis,. si spiny qsns iaiApms spmy ireniorivisN 
joj usuum AyBnsn sjb suoiiBnbs sssqi ‘uosesj snp joj qojBssaj luauns 
JO BSJB UB SJB qOrqAl SUOnB[nilUOJ p3JB3l|dlUOO Ajsa ui ifnsaj oi spusi 
ssqruiBj U 01 UUI 03 sssj oi suopBnbs ssijois— jsiabjj 3t P J° uonBoqddB 
sqi inq ‘ssijiuibj piny uouiujoo joj isres suonBpiuuoj psissi smii 
•suoiiBnbs sip jo sjniBU psiB3i(duio3 sqi Ajduiis si uonBiruiq jsqiouy 
•qsBOJddB siBudojddB sjoui b sq Abiu ssiureuAp jEinssjoai 
usas Afqissod jo soiuBqosui [BonspEis ‘uis(qojd sqi jo jsquinu usspnu^ 
sip uo SuipusdsQ suoiiBnbs ss^oig— jsiab^ sqi Aq ps[spoui spiny 
snonujiuoo sip uiojj lusjsjjip sqnssj sonpaid |(ia\ s3(n33(oui siansip 
jo mo spBiu spiny [B3J ‘suompuoo stuanxs J3pun jo ssjbos [(buis Ajsa 
IV ‘S3I1I30(3A 3I1SIAI1B[3J IB lUlAOUI 10U SI pUB •(S3(n33|OUI JO SUI01B SB 
qans S3piycd jo pssoduioo iou puB sjqisiAip Appuyui si u) uinnunuoo 
b si psipms Suoq piny sqi lEip suinssB suopBnbs sshois-jsiabn sqi 

•SUOnBAJ3SqO PIJOM |B3J qi(AV 33J3B 01 OSbJSAB U0IUI33S 

SMoy !U3(nqjn] usas ‘.ApnunDOE uopoui piny | 3 poui oi 
S31J01S-J3IABN sip ‘suompuoa Ajnpunoq p3iB|nuiJ<y ,,3/w p g 

JO UOllBAJSSUOS ‘3[dlJUBX3 JOJ) SUOUBObS ,BlU3lU3,ddnS ip?M J^^l 

A'jjnqB3!l dd V 

•p3A|0S3J 

ApiDHdxs 3JB S3JB3S iu3|nqjni J33JBI 3q ^” U L^ S ^] J uBm SA^susdxs 
inq ‘(Ajouisiu jsinduios puB suiil up pinqinw* 1 SNv a 

K^.. . Z& 

°^nba so^ojsjoiacn 





uonduinssB mou 3(qiss3Jdui03Ui sqi lUBUodun sjb Eusuiousqd 
3S3UI II piiBAUt si uoqtfHjnduns Slip OS ‘.jnODO OI S3ABM ^DO M S 
JO punos JO Xjijiqissod sqi ino S3(tu Aiiuqisssjduiooui jo uoiiduinssB 
3 M1 P* n U ubiuoimsn b jo mou siqisssjduiooui ub Suuspisuos 
uaq/w pauiBiqo si suoimnbs mou Suiijnssj sqi jo uoiiBOijqduiis v 

spiny uniuo^Ava^ jo Avoy aiqissaaduioouj 

;3AUBAU3p 3AijuBisqns sqi Suisn ‘jo 
:sb lujoj (BJ3U3S 1SOUI SII ui u 9 ai 3 ‘uoimnbs Aiinunuoo 
ssbui sqi qSnojqi paASiqoB si siqi Ajbsssosu AjpuausS si ssbui 

JO U011BAJ3SU03 31(1 JO 1U3UI31B1S B ‘SUOIjduinSSB MOJJ 3qi JO SS3|pJB33tf 

'3)B)S JO 

U01IBnb3 UB JO/pUE ‘A3J3U3 JO UOIJBAJ3SU03 3ip ‘SSBUI JO U0I1BAJ3SU03 3qi 

‘(•313 ‘33Bjjns AjBuidB3 ‘dqs-ou) BIBP AjBpunoq spnpui Aeiu uoiibuuojui 
iBuomppB siqi (3PBUI suoiiduinssB sqi uo spusdsp qsnui A\oq) pspssu 
si uoiibuuojui 3JOU1 ‘MOU P! n U aqpossp Apnj oi jspjo ui uinjusuioui jo 
U011BAJ3SU03 31(1 JO 1U3U13JB1S B A(13U1S 3JB SUOllBnbs S3^01S-J3' 3qi 

suopcnba jaqio 

3iuo33q uoiiBnbs ss^ois-JSiaen 3qi jo 3pis puuq iq§u 
3 rn UO SUU31 33JOJ PUB sjnsssjd sqi ‘ ajnsssjd P 3ij!poui b Suisn Aq 33JC.J 
Apoq 3U1 3pn|3Ui oi pspusui sq ubs 33J0J Apoq q3ns Aub inoipiM uisiqojd 
b 3UIA10S inqi S3i|duu siqi ‘lusipujS b sb A(UO dn SMoqs ojnsssjd I »«!S 
IO 1U3IDBJS sqi si ‘3|duiB\3 joj ‘uoipsJip 2 sqi ui Aiiaejq ‘ W-* AipuBnb 

P3U3SUI 3q AbUJ S 3JBUIPJ003 SUIIBIOJ qllM pSlBPOSSB 
,Bip SB qons S33J0J,, J 3 qiO ‘UPlsAs 31BU. P J003 IBPJ3UI-UOU B UI (S33JOJ 
o^Uuioapsp SB ipns)s3dA, jsqio 3pn,3U( ^ X 

A', UO JO 1SISUD3 3S3M1 A|,B3 ! dA 1 S 33 JOJ Apoq SJU3S3jd3J P |3.j JOJ33A 3 4i 

so.uoj j.iqu) 

ipiM pi 31 1 All30(3A |BpiOU3|OS B UI Suil|nS3J MOU 
3uoq30si :,UB1SU03 S.V>U13,3 pmu JO 3Uin,OA 3 M 1 IBM, Abm e _ qws^! 

MOU 3l» SUIEJ1SU03 3JHSS3jd 3 M 1 ‘MOU 3|qiSS3jdlU03UI UB JO 3SB3 

JO uo.lBnb3 UB JO 3SH Aq paHspou. s, d "%*** 

M SS3J1S 3U01BIA3 P sSbjsab sqi SlBUlIXCUddB 01 pssn 

S, A1IS03SIA A PP 3 JO ld33U03 3 M , 

PUB 3JfHBJ3dlU31 3>t!| SUOllipUOS UO SpUSdsp 1« I^U 3® ' ’ 

o, n, 3U 1011 S30P 1/ A1IS03SIA 3IUIBUAP 31(1 JOSU31 UIBJ1S JO 
Z JO P UBd 3ldOJ10S.-UOU 3M1 S131(3Bjq U33M13q AuiUBTlb 91(1 MV 

suouenba H|Ss**!**N 



, 8) :uuoj 3 u;mo||oj sqi sBq 

JOSU31 SS3J1S DUOJBIASp 3qi SU0(lBllb3 S31J01S— JSIABfq 3qi UI ‘1|I1S3J B S\? 

o = A + ^ mou 

lBUOISU3Ulip-33Jqi B JOJ OS ‘33BJ1 0J3Z SBq J0SU31 SS3JJS 3U01BIA3p 3qi . 

MOU SMI J° UOISUBdXS JO 31EJ 3qi SI pUB J0SU31 UIBJ1S-J0-31BJ 3qi S| 
3J3qM : ll PUB 1/ S3IIIS03SIA OlUIBuAp JB|B3S 0M1 JO SUU31 U| p3SS3jdX3 
3 q uco n iBqi mo Slum 11 ‘oupluujAs si josusi sssjis ouoieiasp sqi 
33UIS ‘3J0UU3qynj Uosum sidojiosi ub si Anusnbssuoo pire ‘spinbi| 
siduus PUB S3SB3 joj pqBA SB ‘3id0Ji0Si 3q 01 p3UinssB SI pinu aqi • 

1 • K : -31 ‘ J0SU31 

AllSOOSIA B qllM A1I3013A MOU 91fl JO IMtpWS J0SU31 3qi JO pnpojd 3qi 
SB p 3 SS 3 jdX 3 Si SS3J1S 3U01EIA3p 3qi ‘SU0IlBIlb3 S3^01S— J3J AB^J 3qi U| . 
v ' A]I 30 | 3 a mou sqi JO S3AI1BAU3P |BiiBds uo Aiuo inq 

‘1I3S1I A1I3013A MOU 3M1 UO A|133J.p P U3d3 P 10U S30P OS|B - «UBIJBAU! 

J TO Xq - pm « P!"U « ss ” ,! 5 W 3p "" ‘ 

! f : J0SU31 SS3J1S 3U01BIA3P sqi 
p3p33U SI ppoui 33J0J B— MB( p , N sUOIlEIlbS 

Q »P!«e su,» T d yXJ.Wma 

Sl " J0 ““liLud *oi « i;T n “ S ! S3 

sSJi 

sqi putt M0SU51 sssns UUOreiASp 3 ^'‘ ! „ S "^J”p<|^UOUUS«UOU ipm* 
■MOU u,q, S s»idu,0UU! joj JUMJOJ “XSS =1 
• o, usu uua.8 josusi «W qql ^JUAIS q u«d qql 

•suoimniis ||B isouqB ui dn umi l qi S3SUB pU E lusipBjS 3jnss3Jd 

■JOSUD1 SS3J1S sqi JO UBd 3id0Jl0S V . S33J0J 93B pns jo siusipBjS 

3qi P3I1B3 SI PUOS B UI pmU 3 qi UI SS3J1S jo 133JJ3 31(1 

3S3qi :SUU31 PUB 3qi Aq p31U3S3J03J U S3SS3JIS 



• (MOU 



„d, mn SI 133JJ3 3IUlBUAp SI! 1 n( » 
S3H01S p3||B3 OS(B) MOU Suid33J3 UI p3P ^ su0 ,,d33X3) SMOU 1«N“ 

‘(MOU 3|qiSS3jdU103UI |BUOISU3lUlp" jB 3UI|U0U B SI uonej’l 

UI lUDSSJd SI U0I1BJ3|333B 3AI139AU0D1 JJ jnqM J0 S S3|pJB9. « 

9AI133AU03 ‘qllM l(B3p 3U.3q «| P!"U ^ ' « 

Bioiionba vshoiswiabn 











: jo juapuadapui are sappunnb guiureuiaj aqj pun *() 
AtiaopA ppuagunj ou JO uopduinssn aqj qjiM A\oy oujaiuuiAsixn si asno 
uouiuioo ajba v readdnsip ireo juauoduioo AjioopA n jnqj os ‘AjjauiuiAs 
jo aSnjireApn a^pj oj uasoqo are sajnuipjooo poupupAo - (aAoqn 
unisajreo guiaq jsjij aqj) uaas A|uouiuioo jsoui puooas aqj si suopnnba 
sa^ois-^aiAnN aiqissaiduiooui aqj jo uopnjuasajdaj poupupAo siqx 
:si uopnnba Ajinupuoo aqx (juaipnjg 
ainssajd poijjaA n jnoqjiM pun Ajunjg jnoqjiA\ Aynuuou pajnajj 
si adid pnuo7uoq u; /v\oy ‘ajdarexa joj) ppy ajnssajd n Aq pajonjajunoo 
si Ajunjg jnqj pauinssn si ji asp jo junjsuoo are sjuauoduioo 
AjiAiug aqj jnqj os uasoqa are sajnuipjooo aqj jaqjp suopnoqddn jsoui 
joj jaAaA\oq ‘sjunjsuoo aq jou Aynjauag yiM sjuauoduioo Ajunig aqx 
:2 pun ‘ ‘ j joj suopnnba uinjuauioui guiMoyoj 
3l P 1I! M suopnnba unisajJB3 aqj uo sapnireA jo agunqo y 

SajBUipjOO.I |B3IjpUI|A^) 

uinjqo oj j|noijjip aan suopiqos qaiqA\ joj suopnnba pijuajajjip pijred 
jo uiajsAs reaupuou n yps si sup ‘suopnjuasajdaj jaqjo unqj jondiuoo 
ajoui ApApnreduioo qgnoqx 'uuoj paipnjs pun pasn A[ uouiuioo jsoui 
aqi sasuduioo suopnnba jnoj jo uiajsAs s;qx 'm ‘a paureu AynoidAj 
ajn (joj paAjos aq 01 sajqnunA juapuadap aqj) sjuauoduioo AjioopA aqx 
:oj paonpaj si uopnnba Ajinupuoo aqx aonds oj joadsaj 
qjiM agunqo jou saop pun junjsuoo s; ‘a|qissajdtuooui si /woy aqj uaqM 
:oj paonpaj si uoijnnba Ajinupuoo aqx 
•auip oj joadsaj qji a\ agunqo jou saop ‘ajnjs-Apnajs jn s; A\oy aqj uaqM 
:spnaj uopnnba Ajmupuoo aqx 
•sajnuipjooo jo jas 

uasoqo aqj oj joadsaj qj;/v\ Ajunjg jo uopnjuauo aqj uo puadap ||ia\ jo 
sanpA aqj pun ‘aojoj Apoq n sn joj pajunooon uaaq snq Ajunjg jnqj ajofq 
‘Apioqdxa uopnnba jojoba aqj guijiJM 

SOJlHMp.MXM 

suournbo S35|01SJ: , !'' B N 






joj os Sutop SB 3|dum sb iou s ' BuasxTaimi^!r" S| "'I' 35 
W SUBBUI iptl|« ln|na|B3 JOSUBl 3UIOA <3» l OAU. P UOITCnbU , ° 

J° UU °I J0,MA -MV SO,,B„b 5 J0 , x ; 3 „, Win 

MO||Oj oj tuaas suopnnba ireisajjn~> am ohuaa 1 !P 

■UB1S0UBD S^BUIPJOOO £ p*„ X , uomwm „ 

BBS) BUinfOA JO UORBUBSUOB BSf. JO |UBU.B 1 B1S B XpOljlBU* b!^^ 

:oj Xjfidiuis him uopnnba aqj jnqj smouoj ji pun 
junjsuoo n ST /Cjisuap ‘uopduinssn aiqissaiduioou. aqj japu n uoqnnba 
Xjinupuoo ssnui aqj si papaau (suopipuoo Arepunoq/inpiui ujojj undni 
uoijnnba ..jaqjo,, A[uo aqj ‘pajoa[gau osp are sjoajja ajnjmaduiaj jj 
•(UB jOB[dn'j aqj s 3 a|oauj osp qoiqw) uoijnnba jnaq aqj ui uaas 
jnaq jo uoisnjjip aqj sn Abm aures aqj qonui ui sipo/w siqi uinjuauioui 
jo uoisnjjip si Ajisoosia uniuojAvaM jnqj saiidtui siqx (punore 
auinjOA (puis n ui XjioojaA unatu aqj pun juiod n jn AjioopA aqj uaa,v\jaq 
aouajajjip aqj sn ajaq pajajdiaju;) ppy XjioopA aqj jo unpnidrj jojoba 
aqj Aq pajuasajdaj si Ajisoosia aqj jnqj si uopnAjasqo junjiodui! jaqjouy 

juapuadap 

auip aq A|iressaoau jou piM (uopnqujsip AjjoopA n) ppy A\oy aqj 
‘uopoui Apnajsun japun are snqj pun pajtuapoon guiaq are sa|opred pmy 
pnpiAipu; qgnoqx ‘aizzou guigjaAuoo n guuajua piny jo dn guipaads 
aqj a|dumxa joj '■uoiiisod jbao AjioopA ui agunqo (Apnajs A|qissod) n Aq 
pasnno uoynjapoon un si uopnjapoon aApoaAUOo aqx A\oy uniuojA\aN 
aiqissajduiooui joj reaupuou ajn suuaj aApoaAUoa aqj Ajuo jnqj aiofq 
:(uopcnba uinjuauioui Aqonn3 
3ip oj areduioo) uuaj qona jo gupreaui aqj guiAjasqo qjJOM ||3 a\ s,j[ 

lf|| -Aj|SOOsiA oiureuAp 

(junjsuoo) aqj si ajaqA\ ‘uniuojMaiq pun snoauagouioq *a|q|ssaiduiooui 
pauinssn si pmy aqj uaqM (unionidi’T joioba aqj si ) Ajpunnb 
|njasn aqj sauiooaq uuaj ssajjs reaqs aqx WJOj pgryujuao jo AjiabjS 
sn qons ‘(suirqoA jjun jad saojoj) saojoj Apoq u jaqjo M sjuasajdaj j aj?H 
•uuoj JojoaA ui ‘pnai ium suopnnba sa>|ojs-J3!AnN 
‘Ajjsoosia junjsuoo gu.uinssn pun junooon oju. uopduinssn 
Mo U aiqissajduiooui aqj Sui^px '(£'0 M° B W ,n0<ic 01 ” 

uaAo) sjaquinu qouiAj a\o| jb — ajnjnjaduiaj uiooj W !« M 
Piny n a|qissajduioo„ n qjiM guipap uaqM usao |p-v\ sp| q II •• . 

sa>|o) S joj AnN 9E 





aajj-aauagjaAip aq } saajojua ajnssajd aiqissajduiooul am jBip sjuaiuajBjs 
luanbajj am ajnjaj 01 uiaas pinoA\ \\v siqx a\c| uoijCAjasuoa c 10 
3|OJ ^ S3AJ3S uopipuoo aajj-aauagja A ip aq, aja M A\ uoncnba ancuiauq 
c jaqjEJ ,nq 'auo aiureuXp c ,ou si uoncnba am ,cq, sajBJisuouiap 
uoncnba XjiaopA SuiiuaAog am uiojj saajoj ajnssajd jo aauasqe aqx 
..i.uoijBnba suiujaAoS ssajajnssajd e qjiM suiaiqcud (ayinasioj) 
u a Aupnamssajd Xj loads auo saop a\oh„ 'uonsanb am ssajppB o, a|qB aq 
l[iw a.w ajaqx uonaas jxau aq, ui aas ncqs 3 a\ sb ‘A\oy aajj-aauagjaAip 
jo uopcjnduioa juauiap ajiuy oj pajms Xpuauiuuui si s;m 
jo uuoj^ ajajasip aqx 'saocds uopaunj ,cuonciojj| puB [Bpioua[os am jo 
XjyeuoSoquo am Xq paqsqduioaae 3 jb suonaafcud am ‘ajan suonipuoo 
Xrcpunoq ajcudcuddc guiXjsncs suopounj ,sa, aajj-aauagjaAip joj 

‘Xq uaAig 

s ! in i‘uopcnba sa5,o,$— jaiACfq am sb uonnjos XjiaojaA aures am aonpojd 
oj paAOjd ‘uoncnba am jo uuoj ibuoijbuba jo >jb3a\ ,ua[CAinba uy 

uonmnduioo 

[cauaumu joj ,uaiua\uoa jou puB uoncnba pnuajajjrp-ojgajui 
ub si uoncnba gunuaAog am snqx -qz u ! ajnjanjjs jb|iuiis b m? M 



uiajoaq_L zpoquipH aqi uiojj 
punoj si Qf ui jojcjado uonaafojd am jo uuoj [cuonaury ipqdxa aqx 
•uoncnba uossioj ajnssajd am 
oi paiBjaj si pire XiiaopA am jo jcuonaunj b si ainssaid am JO J uoncnba 
puoaas am apy® ‘Xjiao,a\ am joj uoncnba gunuaAog ssaiamssajd 
c si uoncnba isjy aqx (snjnaiBO joiaas jo tuajoaqi icjuauicpunj am 
sc uwornf osjc) uiajoaqx zpoquipH aqi ujojj smo||oj qnsai siqx aajoj 
\poq am jo sued a \nc\jasuoa puc a\ne\jasuoauou am ajc puc puc 
§ui vjspcs sjojejado uonaafojd (cuoncjoui puc (cpiouajos arc puc aiaqM 



•suonenba jeuogoquo 0*1 
jo iuns am ‘aiisoduioa si uoncnba sajjois— jauejq aiqissaiduioaui aqx 

suoocnbs saifoisww'N 









3| qcucA fovuiud aqj « vm ‘*po P A am jo uownunp puc JSS » 
J3 qg.q SupnpOJJu; jo asuadxa aq, je ((E u ,) ajnssajd aq, 
aAoqc uopcinuuoj uopaunj uxeaps a U maojd muo, mn Z” 
aq, jo ycd jo [|B iuojj ajnssajd am aicuimip o, papuadva uaaq sbu uoua 
qonui ‘Xpuanbasuoj auii, Di ajnssajd am gu.aucApe jo/oraim^ 
jiaqdxa ou si ajaq, ,cq, ajnjcaj juaiuaAuoaui am guiAcq tiouenba 
DiEjqa^lc icpuajajjip c si uopenba sajfo,s-JaiAe N * aiqissajduioaui 

uo;jB[nuijoj A]iDO|dA aajj-ajnssajj 

■uopaunj jejeas auo qjwi Mop aiqissajduioain m jo 
sjuauoduioa XjiaojaA aq, aquasap o, pasn aq oca uonaunj ureajjs sa^ojg 
am papea ‘uopBinuuoj uopaunj ureajjs jaqKMic Mop auiaarausirc uj 



si apis jja, am uaq/w sjjnsaj A\oy guidaaua joj uoncnba am rap 
jajaujEJcd c sc Xjisoosia apcuiaur^f a,uo gupfc, Aioy piny saquasap 
suopipuoo Aicpunoq ajcudojddc m^ M Jam 3 "°i uoncnba afgtns siqx 
rjucuiuuajap uciqoacf am 3uisn Xpacduioa sop ssajdva osfc no a^ 
‘ ‘XjisoasiA apcuiaupi am si puc jorcuado aiaomicipq (0Z> *P s? aB< l* 
ruopcnba auo ojui apEjgap uoncuasuoa ssbdq puc mnjnauiaai 
az acrao,.Y\a^ ajqissajduioaui uam puc ‘(snonupiioa si ucmarau aicajjs 
?m uaAig) payspes ([[cuontpuoaun suiaq Ajmnpooa sshd di sqnsai 
qgnojm uonaunj means am snnnjad a^jqj axacoasuoa 
aub puB amssaid aiBuimqa [jew suonenba gunpisai atp aroaenga s pw 
* o, jaadsaj mi^v puoaas am ‘A o, jaadsai m^® IU 9 ^ mjrnniES ^ 

xi aaupaJ 

suonenba am ajaqw ‘(2 no gunjiAUB ,0 aauapuadap 00 pur < 
s? Moy ucisaucj ji aas o, \sea vuciaads? si siqx ags ?” • 
uopBuiuirp am ui sqnsaj uoncnba sa^ois-JaiAr»v ap jo - 

nopBpnuoj ooipcny nreaJJS 



. sapnucnb jam® puc u 

J^nsapun p,noM os gu;op *jaA 3 M 0 H 'suu« =- — r- -Vj 
^ dtupv? Joj ‘Xq pajaedmoa (Xpqgps) aq PP® 



aion, > > 0| €I ,‘ 3 P ni ncio3 

’ ini 3 ® suopenba uinjuamoui puc * "J aq. 






jinnp** 13 



mmm 




ass*-® w« n sz'S: 

Z^oTd ,| 'T S H ,UnP SU0 ‘ RIICJcd ■'‘I’ 0315 

J d uiaiqojd am Kjqduns jaqunj o) sis/<|bub apas *q p 3 MOI ,oi 

*• <HU S N< uo !) r |iujjoj uo.jjpuoa <j S pu n ow ,«-i puu ? 

«ou 3U10S Mt! * su , 33q slU3 , q0Jd 3U! ^ ds o, uo, j d r4;r u “ 0 
- i— - o. 5w!S7!3K 

^ *“ ,Eqi SU13,q0Jd snouuoua 

uc si ajaqi asnBaaq /tyred si siqi -asjaAip Xj 3 a aq ubo siuaiqojd au.aads 

;s“ d jpin puB 3jn,Bu u? ^ - J « ^55 

aypads joj /Cppqdxa uauuM ua M A\ ua A a ‘suoijBnba saipis-JaiABN aqi 

suiajqojd Dypads oj uoi}BDi[ddy 

M w , ojazspnba A\oy aqj jo aauagjaAip 

sip uaqM ping 3/qissajdujojuf ub joj sreaddssip uua, puoijippB suit 
AtisoDsiA ynq SB UMOIT! osjb ‘juapijjaoa /(iisodsia aumpA aip si ajaq* 

UMoqs sb ‘sjBaddB uuaj pjuoyippB auo ‘unnsuoo b pauinssB si'/Cjisodsia 
JI -MHTqissajdajoD piny lunoare oiui saipn reqi uoirenba saxoic-jaiABu 
** jo uoiiBiuasajd puauaS a JO ui sajmbaj Buauiouaqd qans 
jo uoyduosacj punos si sa|durexa snopqo aip jo auo /tlinqissaiduioa 
P! n U P 35 ! 11 !! *|3$op ajB iBqi Buauiouaqd auios 3 jb ajaqj. 

spiny ubiuo*a\3\ t jo A\oy 3|qiss3Jdui03 

luauiap 

ajnssaid aqi jo luaipBjj? aqi uiojj paiurmqo siuauiap joiaa A fBuoiiBioui 
aqi asooqa pjnoM auo suoipunj iq3p/*yisai aqi JO j ajnssajd aip 
joj siuauiap aiiuuaH jb[bds asn trea auo asBa siqj uj 'isajaiui jo aq osjb 
abui p(ay luatperi? ajnssajd aqi ‘ja A aAAOfj pasn aq /(cui luauiap aiiuy 
jB|Bas nuiuuojuoa <uy 'Jbuoiibkxui are suoipunj iq3p«/isai aqi ajaq v\ 

‘si luaipeiS ajnssajd aqi joj uoirenba 
H«aw aiajasip aqi Xsb 3 sr pjay *ipop\ aqi uiojj ajnssajd guuaAoaag 

Ajasoaaj ajnsvajj 



aqi sbm sb [Jno oifi puB )uaj P BjS aq, upp*,*, ajuiasca 

Sv »- « JO UJUJUU JOJOUA ^ - *n» 

Ctf uiojj uoisuajxa inq ‘nionuwilp-aajijj o, <|ddB 

• suonunta po^uuu,, *n jo ..ojmaj, auujuta J 

usjuou jo inq ‘dn jus oj a,dum ajp |» A|0 s *, s „ 0!wite 

m ™ 3S3 ^ s “ ,3 l0 ojd M>!* P«n aq Km sau, B ZT3!£S 
‘sauBpunoq uado uo /Cress aaau 3 jb suofppuoa /Ocpunoq o N moh aui 
auiuuaiap spuuBqo uado ssojob saouajajjip uoipunj ureajic saaBuns 
uo suoiiipuoo /CifOopA dqs-ou qjiA\ ‘sa.iBjjns Moy-ou uo juBjaioa 
si uoipunj uiBajjs aqi /C|ddB o, a,duiis are suopipiioa XjBpunog 
saoBjjaiuf asaqi uo aoua3ja A p fuiqsuiBA joj 
/C iBssaoau si pqj [|B ‘saoBjjaiui iuauia[a ssojob snonunuoo si yCipopA aqi 
jo luauoduioo puuou aq, pqi sajnssB snonunuoa aq siuauiap uofpunj 
uiBajis aqi iBqi juauiajinbaj aqi„ I| - (SIJ sjuauia,a XipqaA aajj-aauaSjaAip 
S3 a;S siuauia|a uoipunj uiBajis jbjbos aqi jo [jna aqj Suppi 
siuauiap uoipunj ureans jo saqrurej <um ssaiS auo 
aiBudojddB aqi jo uSis aqi 3ui3uBqo pus tuopaaij-jo-saaiSap pAOBAuap 
aqi SuiSuBqojaiui ‘siuauiap 3u;puaq-ajB|d snonuriuoa Supdopy 
‘suoissajdxa aqi ^q upaiS ‘,mio3oquo /Cpsap are jbjbos bjo 
pna pus luaipBjS aqi ‘qj uj luaipBjS aqi jo siuauoduioo sb saAfiBsuap 
3 ABq siuauiap asaqi 3JniBjaif[ 3uipuaq-aiB,d aqi uiojj siuauiap 
JBinSirepaj puB JB,n3uBui aiBprpuBO jo jaquinu a^JBf e Meip urn 
3110 ‘ S W iP!M uiopaajj-jo-saaj3ap aAijBAuap-isjy jsb3, ib sabi, iprq* 
siuauiap aiiuy aiiuuaj-f snonuriuoa oi uoissnasrp jauisai jaqun; 3M 
'3 uimo|[oj aqj ui qz oi papuisaj aq ||!« BOissnasqi uiaJoaqjL 
U3 ai 3 Suiaq Asoy aqj ‘ae “? (auusqa aqi pimore fBijuarxi 
^ W3A aqi jo luauoduioo puuaSuBi aqi jo fEiSaiur aui, aipJ» 

2 B SSOJ 3B sanpA uojpunj uiBajis jo aauaiajjip aqi Ajwads ^ 
pBjg ajnssajd b jo aauasqB aqi ut aaoJJ piny auiuuapp oi 
( ^ Jf>3 qi /lioqmpH aqi /Cq ,0 Bssaoau si pnuaiod JM»' 
aan J,S 3qi J ° WU31S ‘ X3 9 m ‘1S3WJUI jo a,qBUBA aqi *! 3jnJtoJ 

|Bnu^ U33j3A!P ^ ,snuJ s i U9U,3 I 9 ^ 3,q?,Sai *^Eiisap si JI 

S9 3qi laayaj qaiqM suo|punj sis^q 01 

uo ^uiujaAoS aqi jo uuoj apJ^IP 

.Punj siseq Suiuyap puB uiBUiop uiajqojd aqi J 

(jpop****** 





m suoqounj uiopinu-opnasd oj pajsioossn sassaoojd aiisBqaojsXaqo oj 
s3|.-»iu®d pfnjj Suijouajui P ub paiBpjjoo SuiMoyn Xq spiny juainqjm u. 
niauiouaqd Juapqjnj (uajjo) aqj o, sqduj3 uSissb suibj8b. P asaq, n P jom 
« qio uj soiunmXp piny ui sassaoojd uinuqqmbauou' joj anbiuqoa, 
J° uoisuaiva ub 3 jb sujbj8b. P asaqj ‘Xjoaqj pray uin,uBnb 
ui siunj3rip wnuuXaj aqj oj JByuiis soiuBqoaui uinnuijuoo [Bjuauispunj 
aqi jo uopumdxa uoijsqjnyad b b.a suopBnba sa>,oj S -jaiAE N 
aqi oj puodsauoo jBqj sqdBj3 Suidaajjjjooq ajp suibj3bjp P |Xm 



suuuSmp pi^AV 



lopqg 

jdoH e suop S3ui| mou 9q> jo suios 



:ppij XjioopA 3UIBS aqj 

qi|A\ apissod ajp ajnssajd pus Xjisuap jo saoioqo jaqjQ uoijBzujaiuBJcd 
3|dnjpBnb ircajoSBqjXg aqj uiojj asoqj Xyouxa 3 jb jojoba XjpopA 
aqj jo sjuauoduioo aqj jBqj jno Suijuiod qyoM osp si jj (juejsuoo e 
si ajaqA\ spiny aiqissajduiooui 
oj sjajaj jsqi asnpoaq 
tuajqojd luniuuauy^ Xbo 
aqi oj uoijnps b jou si siqi 
ajojq) -ui3uo aqj uiojj jbj ojaz 
oj sao3 ajnssajd pus saijpopA 
‘Xjisuap asoqM (piny 
aiqissajduioo) seS snoosiA-uou 
b ui uoijnps e si siqj, g 

puB v SJUBJSUOO XjBJJiqjE JOJ 
: lrr) Xq uaAi3 s; suoijnps jo jas 
auo ’Itoo jauui aqj oj snipsj 
jubjsuoo b aq j jaq uoijEjqij 
jdojj b jo saui| aqj 3 uo|e 
A\oy aqj 3uuapisuoo uiojj 
sauioo saijuBjnSuis ou qjiM 
a|duiBxa ajBjs-Xpsajs aoiu y 

uoijn[os \ajJO\ ajejs-Xpeajs [euojsuauiip aajqj y 

•sjaquinu sppuXag jaq3[q 
je dopAap Xbuj aouapqjnj rajqsjs bjb Xaqj Xjdiui jou saop suoijiqos 
joExa asaqj jo aouajsixa aqj jEqj ajofq | IZ | 1(K | (6 ,i'xayoA uaajr)-JO|XBX 
aqj a|durexa joj psixa ‘suoijBnba JBauq-uou ynj aqj oj suoijnps 

suofjpnlw wjiois-isiabn 




‘saiduiBxa 3uijsaja lu , aj 0UJ OVIP 

3 1' P” *°U •*„(, ^ ^IWI »10, s ^| IM0 

I., su,«, ini "r om 01 I"*» 

JO *9[dunixa ISfxa suoijBnba saxoji J3|AP 4 V,M ainjaua8pp 

mnnvnK ^S^iabn aq, oj suopnjos jorxa auio^ 

suoijBnba S3Moic-j3i APIk . 

IS J9,AB NI 3 MU° suopnjos pexg 

SMoy jaqmnu spiouXav U 3,„ Am 

•XjniqBoifddB jpq, 3u.so, suopdl'i * n J ° 3 ' dumw UB P™ 

uasoqo Xpjnudojddn qj,A\ J3QUJnil * U / 3,du,rY!> ™ *! Mqi sap.-,,; 

«n '(Zjo lo OJ ajnnbn ol TrnTZ E " !S 3m *' * 

S uo,,n,o s jo *, uwpra ,ZL 4 Z i 

pin > (Mnui 3 ,,d,| P S3 A[oJ qnn* 2 ™ 

uuaj JBauquou aqj fjoi naAinv ^ Jl n3 UJ!P ■tiaA b siqj saxnuj 
p 3!1 ddn siioiidiunssn 

p3uw 4’r 

:Xjsijbs jsnui jcqj uorjounj b Xq pajuasajdaj 
aq Xbuj p[ay XjfoopA 

•MOU IBipw (q p UB MOU Riud (e jo u 0 ijbzi|biwm nSf , ‘ /(,!JB3U!!U0U Sni » l 

• A PUB UOIJ03AUOD S3A|OAUI 

s(qj :sajB|d pipjEd 
uaaAijaq A\oy jDipoj 
aqi aq p|noA\ OAoqi; 

M°y |0||EJi?d aq, uo 
Jsimj jsaporn X|3u;uiaas 
V pajBoiidiuoo 

ajoui XijqSqs sauiooaq 
ujapojd aqj uaqA\ 
asuB Xbuj saninojjjjQ 

ajBJ A\oy jau 
jo aojoj oEjp snoosiA 
sb qons ‘pauiEjqo 
XysBa aq ueo jsajajui 
jo sappuEnb ajoiu 
pjEA\uo juiod siqj uiojj 

: PPU 

Moy aqj joj paA|os 
XysBa si maiqojd siqx 
'uoijfpuoo dqs ou aqi si 
uonjpuoo XjEpunoq aqx 







SS5 I°1SJ3!ae n 



Zf 



DH 




l ° S s ^°lS-J3!ABN SuipniDUl ‘sspoo JO uoijB|tduioo y (sapo-) 
/Pny ^ 03 3UnU °‘ PP MM/VV//:d,,lj) ls H anMMJos 3U||uo rrjD . 
~ . upa sojjoj&iaiABu/suopBnb^ sa^ojs-jaiABN/uimuuaniui 
/ 8 jo mBui/Csp A\A\A\//:d»q) uouduosap uiaiqojd azug uinruuaiji^ . 

(uiHj'jMou/ojaB/npa-nijjBisiic 

ANAVA\//:duq) suopenba sa^oig-wiABN aip jo uoijBAuap pay;|diu !S . 

S5iu|i icujajxg 

I000S10Z.00 NHSI ‘inH-^BJoaw 
sjnnjj fo SDiumjDaM iwuaiuopunj '(y L6 [) 0 j ‘ 3^3 . 
8-Z.£XZ.Z-SIt’-0 N3SI ‘uopuoT ‘sioubjj ig jojXex 'SuuaamSug 
jDoiwaifj w uafsuvjx > D3 H P UT} ssvjq 'sjiwvu/Cpojp/Cfj ‘(3002) 

V a U ! U3ZB S ; 'A V ‘uioizb/Ca : - v ‘Aodajnj[ :-q y ‘ uiub^ioj . 

auuBsnui ‘sapireuioy sajrejtsjaAiun ^ sanbiuqaajXjod 
sassajj 'sapwjfsap anbiwvu^j ‘( 1 66 1 ) 1 aSuj ‘SuzuiXqg . 

_ , 0 ZZIZ.10SI DIDO ‘8 Z£6££0 

80 0 N3SI SS3J d uouiBSjaj ‘(-pa pasiAaj puj) 9 ‘soisXqj [Barjajoaqx 
JO 3sjno D umioaw pw,j ‘(Z.86 1)'W'3 ‘ziRSjn '<2 1 ‘nEpireq . 

296299 1 290 N 8 SI ‘ssajj XjisjaAiun 38puqure3 
'soiutou^Q pinjj oj uojunpojju/ uy \L 96 \) X D ‘JopqajBg . 

, 06296986 1 0NaSI‘ss3Jy 

M{SJ3Aiun PJOjxo ‘sauag aauaiog Supnduio^ pire sapBuiaipBj^ 
payddy pjojxo 'satwouKa Pjnjj iCiviuawaj 3 ‘(066 1 ) f a ‘uosaqoy . 

S33U3J3J3^| 

*9S-£££ dd ‘urniojmws mojj pin/j luautgj jofSwpnj 
Z-<W3 >Wld*3 ■ SXJ»pntS ‘.9 6. '(2003) Tf ‘IP«PJ!W t'N bpnqajBiex -d ‘JapunS 1931 

, ndo 

9t 0 u ° v,umu<a P!»IJ iwj - nu? Dn j 0 ‘.8E. '(*003) f VW 'suJ®H l£3l 

‘UPde03aO/JPd/qare9saH/<J'l«aJ/uJBIs/3|do3d/np3 
oiuojord3p A\MM//:dm() siwvq jo/ soiwvu<q pm/j aun_i-p>a V ‘(C002) f ‘“"PS l*3l 
'821-121 dd 9359C366I0 N8SI ‘s»ud Xii-usAiun 
pjojxo 'sjauutSaq jof apwS y :s poqiaut uoptnipnujoua y ‘(8003) 'O'M 'qniooow (£3) 

suonnnba S3i(oiSJ3iAeN 



■ le nba 



S3 ) |oi SW | AEN 



/r-im 'VunMpojptwngm w 

*^-Si Ad <2861 ) £ 

‘M62r‘K"WdVVI66I *popqig U[ ‘ ■!^ t ^[ 0 ' a ‘ a ' IMnu, ^9t'l 1 01 

"(2961)^4 IS 

9C0‘90‘0 103‘®tU3'!/9 1 0 ['0 1 : >op Watc J^L 9 nppurq U , , 

:(Z^P) 661 -Miff $!£ SP ° 3q,a 

‘H92E"WdWNnO 1 03 apooq.g «l3T>1^300l 0l 'op 

2*1 V 13 dd U961)JO[3V3iEg |- r ] 

(oeeDooswfavws fiu 

'52 ‘d (3961 ) JO|3q-nrg ( 0 ,| 
'591 d (/.%|) jo piping (6 j 
'8*I-3*I 'dd(^9^[)Jt>pq3irg (g| 

I l°A 1*91 120*I0Z'0 NSSI ‘foiss^-uosippv : ssbj\ ‘ 8uipeav •taiiAtu i&’rLmoirl 

^ (I| 
OS-SO-SOOP Pswuiai ‘ ‘piio^ipsw '(puiVmomupci»*‘Wwwo 

/UlOD uiBJj[OA\ p[joMtpBUi//:dnq) a.ymuaa mivawoj ^ssia/w M 3 uf f s j 
091 d VC5 ‘(3961) JO|*pjeg 505 (fl 
lo _ '2-9 dd 8f 1 1 656*80 N8SI 

SS3J d D8D ‘('ps puows) siiumuKp pin/ pjuKpmy •( I00c> O ‘pniretug [£] 

7*1 V2CI dd(396i)jopq3reg |jj 
1 1 -*0*6003 (wasujsj • ‘simosui sopinu»jTB W 
Ab I 3 ‘(Aun!UU3||!Ui/8jo qiBULCsp MAAM//:dni|) j nojqojj an jj umniuapi^ [ j j 

S3JOM 

b i9j, ls -,‘aauBUuojjad jo aaj§ap JsqSnj tpnui 

SAaiqog puB nj3 aip oj pasoddo sb ndD 3l 0 u0 uru slip uodn 
P^SBq suot)B)uauia[dujf juaaaj ajojq uibjs f Xq | W|ll saure9 joj soiiueuXa 

P- n Id auii^-jBay jadBd [Buiiuas aip uo pssBq bjb pasn suopouauiaidiui 
Ml jo Xubj^j op ajjoius ‘ajy ‘jajBM sb qons sioajja jo suoijB|nuiis 
UI n,3u ? 3S3 m 'Buauiouaqd jBJnjBU jo Xjbuba apiM b japoui 01 japio 
' S3UIB <J oapu ui X[ 3 A;suajxa pasn aJB suoijEnba sajjojs-jaiABN aqx 

S3uib 8 in asn suoijenbs s3>|0}S-j3iabm 






3)BUjpjooo uoijMjjp q, 
uofjaajyp qj 3q , 3lfJ s 

ainssaid iBOfuiBu^pouuaqj s 
m -P H "m* PPV . JO 3 obj , 3qj uo SS3J1S 

'UOIJBJOU JOSU3J J 0 U0IJU3AU03 3 q, *q ‘juaq^ 
[EUOIJU3AUOO qjIM SS3JJS j P3US atn : " nSSa,d (WUIBU^poiUiaifl) 
*• " ' ssa,,s "” o ' 5q ' »*■—«% 

ajBUIpJOOO UBIS 3 JJB") 3 m ui ‘wane 0 JOSU 3 ] 3 qj si ‘UIOJsXs 

• P! nu -» lupisuoa si W 

^T^rSL“ 0W| tnq i' |SK uo « W 

UI u 33s si siip) 3 joiu A\oy Oj Ji SuisnBD /Cjisodsia ui dojp 3 UJ ‘Suramin 
2v 3 °,nn C ? q (P3JP 3j3qU3SS!3M **) P° J 3ULUIJS 3qj Juiip J0 ‘(pucs 
u. »~e ssa| c 01 ‘ J0 ‘^ 3 iq°° pun Suippnd sn q 3ns spiLpui 

u. u 33s SI joiABqaq siq, - ami, j 3 ao dn s„y ^pinpiuS ,nqi> puiq 3 q ii3|0 q 
B 3AB3| J3 q„ 3 ubo Suunjs qo|qA\ u. ‘piny ub.uojm3 N -uou b qjL sim 
JSBjjuoo suois|nui3 ‘suopn|os snosnbn sq *ciu s 3 |duiBX 3 J3 qj 0 paviui 
JO pojjps si ji jsbj Moq J3UBUJ ou sapjsdojd piny /Cjqdums oi ssnuijuoo 
l! asnnoaq ‘uEraoiAistq s| J3 |ea\ ‘3|duiEX3 joj ji uo guipn ssojoj 3 qi 
jo ss 3 |pjBS 3 j ‘A\oy oj ssnuijuoo pmy sqi susaui siqj ‘siuisi uouiujoo uj 

[ S] 3 JBJ UIBJJS 3 ip X|JU 3 |BAinb 3 
JO ‘JB 3 qs JO UO| 133 Jip 3 qj 01 JB|n 3 |pU 3 dl 3 d JU 3 [pBjS XjI 30 | 3 A 3 qj SI 
[s-Bj] XjijBuoiyodojd jo jubisuod b - ^jjsoosia p;ny sqj si 
[c«j] (..Sejp,.) piny 3 qj ^q psysxs sssjjs jssqs sqj si 

3J3qA\ 

si jnoiABqsq pmy ubiuojmsn squossp oj uopBnba 3 |dui[s y 

uopiuyaQ 

•/(jfSODSIA 3 qi SB UMOU)J SI ^lqEUOlUOdOjd JO JUB 1 SU 03 
3q ^-icnn ih'uiSuo sqj qSnojqi sssssd puc JB 3 Ui| si 3 Ajno sjbj uiejis snsJ 3 A 
SS3J,S ^oqAA pmy e si (uoiassn obbsj jsijb psuiEU) piny ubiuojawn y 






pmu uBfuojA\a\i 




auios ui uoippuiis 3m jo ssajSojd am laajip 01 pasn saaBjjns 10JIU03 . 

tppoiu am 01 papauuoa saauap paisXqd jaqio pun sjosua$ • 
:X|ap|M Xjba osp saajnos pduj 
■(s|apoui 

aimuip put? jaqpaA\ sb qans) uoipuuojui jo saiXqEjai ajjnbaj iq 3 iui 
Sjpqjo apqM ‘( 3 jia\ b uo Xjpujaap jy jo uuoj 3 aba\ b jo uopBpiuis 
*a|durexa joj) sjaqumu /v\aj e isnf aq iq 3 iui wdui aqi ‘auios joj 
X japiM Xjba sppoui puB suoippuiis jo spauiajinbaj Bpp puiaixa aqjL 

uoijejndojd bjbq 

•aiqissodiui 

jo SAUiqiqojd »q P|hoa\ ppoui am jo sapis ajqissod jp jo uoipjauinua 
aiajduioa b qaiqAA ui |apoui b joj souBuaas aAiiBiuasajdaj jo a|duiBs b 
apjauaS 01 iduiaiiE aqi si ajBqs jp Xaqi ajnpaj uouiuioa aqi tsuoippuiis 
jainduioa jo sadXi Xubui ajB ajaqi ‘aiqissod iou 3 jb suoipps 
opXpuB uuoj pasop aiduiis qaiqAv joj suiaisXs Suippoui ‘joj ajnjpsqns 
jo ‘01 launfpo ub sb pasn uaijo si uoippuns jajndtuoj uiqiuo 3 p 
ojjb 3 aiuoj\ b 3 uisn sajaqds pjBq z\ J° uoippuiis b sba\ ij -uoipuoiap 
jBapnu jo ssaaojd aqi ppoui 01 jj jb^ pjjo^ ui pafojj ucncquciAj 
aqi Suunp pauiXopap apas-aSjB| isjij sji SuiAvopoj ‘jainduioa aqj 
jo qjMOjS pidBj aqi qiiA\ pireq-ui-pucq padopAap uoiiEpuiis jainduio3 

.ClOJSIJJ 

•Suqnpaqas 

puB SuiuuBid ssauisnq pire ‘ 3 jbd qipaq ‘luauiupyaiua ‘XSopuqaai 
‘aauaps Suipnpui ‘spiay Xubui ui pasn bjb suoiiBpuiis jainduio3 

•3JBAWJOS 

iqSiy pnj OB sb jpA\ sb sauiqoBiu unj UBa pqi joppuiis iq 3 qj b aq ppoM 
ajdujBxa uy pappoui 3 upq uiaisXs aqi jo yod Xpo qiiA\ ‘luauidmba 
jo ajE/wyos jainduioa pnpE urn 01 japjo ui sjasn paiBpuus uiojj sindui 
SuiiEjauaS sapnpui osp uoippuns jainduioa \iaA 3 A\oH uoipiuasajdaj 
jainduioa aqi ui pappoui Supq bjb siaadsB jp pqi sai[duii jailB| 
aqi ‘Swppcnu jsjtidwoo usqi japBOjq si uoiwjnuns jsjndiuoj uuai aqi 
•suoiijpuoo piqui pUB sjaiauiBJEd 
jo ias b uiojj uiaisXs aqi jo joiABqaq aqi jo uopaipajd aqi appua Xqajaqi 
puB suiapojd 01 suoiwjos papXpuB puy 01 siduiaiiB qaiqAA ‘ppoui 
papspBls b bia uaaq sBq suiaisXs jo sppoui a 3 jB| 3 uip|inq ‘XipuonipBJl 

Suippoui snsaaA uoijeiniuis 

uourinuii'i i3indiuo3 



‘*X>3 ^ u. unSaq ^ 

UJOiB-uoinrq-i b apnpu, S3 ,d^ J° Ppo* 
jainduioo aauBuuojjgj q 3 , H n0fT Z? 0 '^ urcj3oj d uoiiEznyapoiA, 
3ufsn ‘,pMn>, punojB upxia, f2,Bmui,s SJ3,nduio ^ns ap.qnu, 
‘s)(ubi 6£t99 jo 3u.pp 0U j aqi paLoiL . P!q3A J ^ 10 P “* njMUJ 
jo'uoiPinui.saniBq-yasapp.og/ ' A “ 3u !f m AU! WJOj 3uo 

pauad-puB-jadEd puop.pBj, g U(sn ® ^ ^“JPPooi iBaipmamBm 
ajqissod SujqiXuB papaaaxa jbj SBq suoqBmufis'jL S °> 

3upq siuaAa jo apas gqj^ M , J31nd woa Xq pa^nuus 
01 ‘Sjnoq JOJ 3umunj sjajndiuoa 10 sdnm? JS? SU0 ! ,B I nuj .' s Suio3uo 
M3J b unj pq, suiBjSojd jainduioa iuoj. ^ q '^ J0M,3u °) ‘»Jnuiui 
UIOJJ ajba suoiiBpuiis jajnduioo 

joj xaiduioa 001 suiajsXs jo aauBuuouad a.n , m ' Sn ° !,n l os 
A\au oiui siqSisui Mau uib3 P ub ajo^xa^ 01 P “ B 

towno pu^ -vmai |B Z *• ™ 5 “° !rc '”!S 

saisXqd 
ui suiaisXs [BjniBu 

ppoiu8ups»oa«ypu« I pi B Ha aiBWMaip Xubui jo guuanoui 

3 u.sn uooqdXx jo uoiuqmu.s j3.nda.0D jnoq 8t v paipmaq^ui 

J° UBd 

pjasn b auiooaq 
3ABq SUOIlB[nUI|S 
jainduioa 
•uiaisXs iBpaiyBd 
b jo [apoui 

lDBJisqB ub aiBpuijs 
01 siduiaiiB 

pqi ‘sjainduioa 
jo njoMiau jo 

‘uiBj 3 ojd jainduioa 
b si ppoui 

puojpinduioa c jo 
‘ppoui japduioa 
b ‘uojpinuijs 
japduioa V 



— 








X 






Ai 




L?^\ 


; 





Nnuj, s 



uoi}B|nuiis ja;ndiuo3 





jo Xqsuap jpp Xq ireqi japsj) Xpaajip paiuasajdaj are ppoui aqi 
ut (sjauinsuoa jo saaJi ‘sipa ‘sapaajoui sb qans) saiqiua lunpuipui 
aqi ‘uoiiBpuns pasBq-iuaSB uj uopapnuis pasvq-iuado si ‘Xipuuoj 
paiuasajdaj aq ssappauou vreo inq ‘uoirenba SuiXpapun ire ptA\ 
ppoui b uo Xjaj iou saop reqi uoirepuiis aiajasip jo adXi [Breads y . 
jainduioa 3opire ire jo JoiABqaq'ap arepuia rep sjapduioa 

pqglp 1BUOIJU3AUOD UO UtU 3J3AN SUOIlBpUIIS u 80IBUB u 1SOUI 

‘jSASMoq ‘S0861 Wl aqi Xg sdure-do sb qans siuauoduioa pouiaap 
snoireA Xq Xpaajip paiuasajdaj aq ppoa suoirenba pnuaiajjip ap 
ajaq \\ ‘sjapduioa 3opuB uo paiuauiaiduii XgBniDB ajaM suoirepuiis 
jo spupi asaqi ‘X]pui8uo “Sipajp pouiaap jo suoireinuiis 
pire ‘8uippoui ssaaojd paiuiaqa ‘saure8 uoirepuiis iusuisSbubui pun 
uonaiuisuoa ‘sjorepuqs iq3qj apnpui suoireaiiddy uoirepuiis aqi 
jo wdino pire areis aqi a3uuqo 01 sjsqiunu ap sasn pire ‘suoirenba ap 
ip s 3 Aps urejSojd uoirepuiis ap ‘X|paipouag -(Xreuipjo jo pored 
japp) suoirenba ppuajajjip jo suoirenba opjqaSp-pnuajajjip 
jo uonpos pouauinu suuojjad uoiwjnwts oiuwuxp snonuijuoj y . 
-S1U3A3 JO 3DU3nb3S ap JO ‘uSlS3p 3qi UI S]33J3p OlSo] J3A03Sip 
oi “uoirepuiis ap Xq paonpojd B]Bp aqi ssaoos oi aps aq oi iireuoduii 
ajoui uayo s.y auin paJ ui uoirepuiis ap ainoaxa 01 ureyoduii 
jou si y “passaoojd si iuaAa qosa sb siuaAa aabu sja38ui puB ananb 
ap spBaj jorepuiis aqi jnooo ppoqs Xap aup parepuiis aqi Xq 
pajjos siuaAa jo ananb b sureiureui jorepuiis ap ‘uoirepuiis jo adXi 
siqi ui adXi sip jo are suoirepuiis aaji-qnnj pun isai-aiSoi Mapduioo 
jsow auin ui siuaAa saSsuBui (S3Q) uoiwpnuts iu9\9 aj?J9stp y • 

tSJU3A3 UIOpUBJ JO 

aoireqo ppoui oi sjowj9u* 8 jaqutnu wopuoj asn sppoui Jiisoq^ois . 

•spu8is jndui (SuiSusqo XqBnsn) 

oi asuodsaj ui uiajsXs b ui sa3ircqa fapoui suoireinuiis aiuiBuXa • 
•pajduiaire si uoirepuiis aiureuXp ajojaq asno 3uippoui 
jaiduus b sb ‘suiaisXs paisXqd 8uirepuiis ui pasn uajjo are sppoui qans 
uinuqqmba ui si uiajsXs ap qap/w ui aims b puy oi jduiaire pur uiaisXs 
pappoui aqi jo sjuauiap uaaMjaq sdiqsuoireiw ap auyap suoirenbg 
•ssbp popaui aajjqsaui aqi 

oi Suoiaq Xbui ppoui ap ‘pu3 rep3aj b iou si qdrj3 8uiX|japun aqi JI • 
XjoSarea siqj oi 8uo|aq suoireaqddB 
H4.-> Xubw sapoa ipuajs paipa are ssaaaB joqq3iau-ixau 
z(|iio ajpbaj pire spu3 rep3aj ui Brep jpp aiojs qaiqM suoirepuiis • 
sassrp urcui owl are ajap ‘suonBpuiis paddais-auiu joj sajnpnjjs 
crep 3uiX|japun ap re ^oo| oi si sppoui 3uizuo8area jo <bw japouy 

pajnqujsp jo paoq • 
(sppoui ga jo iu3a 3 aiajosip 
•aiajasip jo asBO piaads lunuoduii ub sb puB) ajajasip jo snonunuoo 

uoqc[muit iainduioj 



■ 



aiureuXp jo arejs-Xpsaig . 

JO S3 ,dun.„ J0J „„„ 

3psnnuu3)3p jo pprf, , w ptre| io . 

mapusdspui o, S„,p J0OT! p 3U p S E,f 3 r^“ ! sSZ"«i^S 

sadAx 

•Xjoaqi sosqo jo ui3uo ap s. reqj suiajsXs puSip joj -jojja aAtreinuina 
‘pajaqu; sip jo uo.reAjasqo ap sbm ,, pM pp uoqB,nu,,s p,,3ip 
jo anjj Xipioadsa s| sip ‘uoippsaj (jno a3 B qre3 ‘ui a3Bqre3) ..OOIO 
ap oj pafqns si sisXjbub jajnduioa ub apq^ uoireincuis ap ui jarei Joua 
pilUBisqns ojui arepuinaoB ubo BiBp ibui 3 uo ap ui sjoua jpuis ua A g 
aiBJnoaB Xqnjasn ups are uoirepuiis ap Xq mdino 
sanjBA reqi }paqo oi (9 Ju sisXibub jojj 3 u ub uiiojjad oj [njasn ajojajaqi 
si ii pire ‘dn jojja siqi Xidiqnui hiav sjojj 3 uoireauruj pire 3uipunoj 
naajjad iou si saireuiapBiu japduioa iBq3ip asnsaag aq (oi papadxa 
si) anjBA ami aqi qoiqAi uipiAv uaas anpA ap uiojj uoireiAap umuiixBui 
pus uinuiiuiui b ‘..sreq jojja,, sb passaidxa si q uayo si sanpA 
ap jo (uoispajd puB uonniosaj luauiajnsBaui oi pareduioa) XaBjnaaB ap 
reqA\ 3 uimou?i si japreq qanui si reqA\ ‘sapj Xreuiq jo ixai uiojj sanpA ui 
P Baj oi sjainduioa joj XsBa s; ji apqAv SuiApaai are Xap iBqM 3uiMoini 
ui pjarea XjaA aq isnui saainos piuaixa uiojj Brep idaare reqi suiaisXg 

sjapo Xubui mou are 

aiaqi (pasodojd sbai q uaqM ^,951 reaX ap jaijB ‘^, 9 -qnuns sauinauios) 
Bintuig aq Xbui asaqi jo UAioinj-isaq aqi sa3Bn8uBi uoirepuiis 
pazippads jo jaquinu a3rej b are ajaqi ‘suiaisXs uoirepuiis asjaAip 
uaaA\iaq isixa siuauiap uouiuioa Xubui reqi pus ‘XiauBA sip jo asnuaag 

:i(jOAiiau josuas 

b Xq a|duiBxa joj ‘uoi uoirepuiis aqi 3uunp papiAOid aq ura bib P • 
ijossaaojdajd b uiojj Brep 3 ui P b 3J Xq jo 'sapj ajoui jo auo Suipsai 
^q aidurexa joj ‘dn sjreis 1 ; uaqAi uoirepuiis ap oiui pajaiua ubd bib P • 
tisajaiui jo sasBa |jb joj iububaui aq 01 an[BA ap japisuoa 
sjau8isap aqi asnnaaq jo (it jo anpA aqi “8 a) iububaui Xpu si an|BA 
asncaaq jaqqa ‘apoa ppoui aqi oiui qpq uayo si bibp , .iububaui.. 

:sauBA ajqBiiBAB si pup qaiq^v T» 3Uiii ap ‘XllsBq 
■sassaaojd 



* 0l »inu J , 9 



J0 ‘sppoui ‘suoirepuiis Japo Xq asodind ap wj indpo sanpA 
tsassaaojd jaqio uiojj pnpojd-Xq sb pap 

tp^qXq pajaiua BiBpiBauoisiH Jo iuaun 3 

•Oinduio^ 



r 



concentration) and posses* an internal stale and set of behavk*. ' 
ruUs that determine how the agent s state is updated frt*n 0 
tune-step to the next 

• Distributed model* run on a network of interconnected compute,, 
possibly through the Internet. Simulations dispersed across 
host computers like this arc often referred to as "distributed 
simulations". There are several standards for distributed simulau*. 
including Aggregate Level Simulation Protocol (ALSP>, Distnwt 
Interactive Simulation (DIS), the High Level Architecture 
(simulation) (HLA) and the Test and Training Enabling Architectui* 
(TEN A). 

CGI computer simulation 

Formerly, the output data from a computer simulation was sometimes 
presented in a table, or a matrix, showing how data was affected by 
numerous changes in the simulation parameters. The use of the matrix 
format was related to traditional use of the matrix concept in 
mathematical models; however, psychologists and others noted that 
humans could quickly perceive trends by looking at graphs or even 
moving-images or motion-pictures generated from the data, as displayed 
by computer-generaled-imagery (CGI) animation. Although observers 
ouldn t necessarily read out numbers, or spout math formulas, from 
° "" " 8 * "“T* w “ thtr <*«. U>ty might be able to predict events 
21 ™ beaded ** way"), much faster [ban scanning 

SuCh iMmx SmpW“l displays, which 
oZ^h^Jr, " , " nb ' rs and rora ’“" ,e ’ sometimes also led to 
too far from numrri "If-*® f rid 0r om ‘ lted timestamps, as if straying 

tjz b^r e rwew “ d zs s - Tt r ^ *»«-** 

uses numeric coordinates an H 8 . nun/snow clouds against a map that 
Similarly rr , nates and nu ™nc timestamps of events. 

tumor might slS^dlS*^' ° f CAT SCanS Can simulate how a 
treatment, presenting the pJsage^nim CXtended period of medical 
visible human head, as the tumor* Changes “ 3 SP ‘ nn ' ng ViCW ° f the 

graphically ta^ytirge amo^te rf 8 j[ nu,a ! iw are bein S d eveloped to 
during a simulation run. * ° 3ta ’ * n mot i or t, as changes occur 



wmm ) «w ;. 
■■ 



Computer simulation in science 



Generic examples 
of «yp« ^ 




— I 


+ 1 






1 k* • 






r. i 


• 




• • i 


fc 




• . * 


j • • 




• • *• 


•• 




* * « , 






. • < 


> * / 




• # • 


• # / 






/ _ 





Computer simulation of the process of osmosis 



• a numerical 
simulation of 
differential 
equations that 
cannot be solved 
analytically, 
theories that 
involve 
continuous 

systems such as phenomena in physical cosmology, fluid dynamics 
(e.g. climate models, roadway noise models, roadway air dispersion 
models), continuum mechanics and chemical kinetics fall into this 
category. 

• a stochastic simulation, typically used for discrete systems where 
events occur probabilistically, and which cannot be described directly 
with differential equations (this is a discrete simulation in the above 
sense). Phenomena in this category include genetic drift, biochemical 
or gene regulatory networks with small numbers of molecules, (see 
also: Monte Carlo method). 

Specific examples of computer simulations follow: 

• statistical simulations based upon an agglomeration of a large 
number of input profiles, such as the forecasting of equilibrium 
temperature of receiving waters, allowing the gamut of 
meteorological data to be input for a specific locale. This technique 
was developed for thermal pollution forecasting . 

• agent based simulation has been used effectively in ecology, where it 
is often called individual based modeling and has been used in 
situations for which individual variability in the agents cannot be 
neglected, such as population dynamics of salmon and trout (most 
purely mathematical models assume all trout behave identically). 





^ °niputc r si 

. • „ s tenned dynamic model. In hydrology there arc several such rnUl * S 
' hydrology cr.ns|»« models such as ,hc SWMM and DSSAM Model, 
developed by die U.S. Environmental Protection Agency for river 

water quality forecasting. 

. computer simulations have also been used to formally model theory 
of human cognition and performance, e.g. ACT-R 
. computer simulation using molecular modeling for drug discovery 
. computer simulation for studying the selective sensitivity of bonds by 
mechanochemislry during grinding of organic molecules. 171 

• Computational fluid dynamics simulations are used to simulate the 
behaviour of flowing air, water and other fluids. There are one-, two- 
and three- dimensional models used. A one dimensional model might 
simulate the effects of water hammer in a pipe. A two-dimensional 
model might be used to simulate the drag forces on the cross-section 
of an aeroplane wing. A three-dimensional simulation might estimate 
the healing and cooling requirements of a large building. 

• An understanding of statistical thermodynamic molecular theory is 
fundamental to the appreciation of molecular solutions. Development 
of the Potential Distribution Theorem (PDT) allows one to simplify 
this complex subject to down-to-earth presentations of molecular 
theory. 

Notable, and sometimes controversial, computer simulations used in 
science include: Donella Meadows' WorId3 used in the Limits to 
Growth, James Lovelock's Daisy world and Thomas Ray's Tierra. 

Simulation environments for physics and engineering 

Graphical environments to design simulations have been developed. 
Special care was taken to handle events (situations in which the 
simulation equations are not valid and have to be changed). The open 
project pen Source Physics was started to develop reusable libraries 
for simulations in Java, together with Easy Java Simulations, a complete 
graphical environment that generates code based on these libraries. 
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Computer simulation in practical contexts 

Computer simulations are used in a wide variety of practical contexts, 
such as: 

• analysis of air pollutant dispersion using atmospheric dispersion 
modeling 

• design of complex systems such as aircraft and also logistics systems. 

• design of Noise barriers to effect roadway noise mitigation 

• flight simulators to train pilots 

• weather forecasting 

• Simulation of other computers is emulation. 

• forecasting of prices on financial markets (for example Adaptive 
Modeler) 

• behavior of structures (such as buildings and industrial parts) under 
stress and other conditions 

• design of industrial processes, such as chemical processing plants 

• Strategic Management and Organizational Studies 

• Reservoir simulation for the petroleum engineering to model the 
subsurface reservoir 

• Process Engineering Simulation tools. 

• Robot simulators for the design of robots and robot control 
algorithms 

• Urban Simulation Models that simulate dynamic patterns of urban 
development and responses to urban land use and transportation 
policies. See a more detailed article on Urban Environment 
Simulation. 

• Traffic engineering to plan or redesign parts of the street network 
from single junctions over cities to a national highway network, for 
transportation system planning, design and operations. See a more 
detailed article on Simulation in Transportation. 

• modeling car crashes to test safety mechanisms in new vehicle 
models 

The reliability and the trust people put in computer simulations depends 
on the validity of the simulation model, therefore verification and 
validation are of crucial importance in the development of computer 
simulations. Another important aspect of computer simulations is that of 
reproducibility of the results, meaning that a simulation model should 
not provide a different answer for each execution. Although this might 
seem obvious, this is a special point of attention in stochastic 
simulations, where random numbers should actually be semi-random 
numbers. An exception to reproducibility are human in the loop 
simulations such as flight simulations and computer games. Here a 
human is part of the simulation and thus influences the outcome in a 
way that is hard, if not impossible, to reproduce exactly. 
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Vehicle manufacturers make use of computer simulation 
features in new designs. By building a copy of the car in ^ ^ety 
simulation environment, they can save the hundreds of th 3 pbys 'cs 
dollars that would otherwise be required to build a unique pr ° USands of 
test it. Engineers can step through the simulation millisecond' 0 ^ 1 * and 
to determine the exact stresses being put upon each secf S 31 3 l ' me 
prototype. 181 10n °f the 

Computer graphics can be used to display the results of a 
simulation. Animations can be used to experience a sim ? 0nipute r 
real-time e.g. in training simulations. In some cases animations 11 3ti ° n ‘ n 
be useful in faster than real-time or even slower than real-tim™^ 3ls ° 
For example, faster than real-time animations can be u 
visualizing the buildup of queues in the simulation of h ,n 
evacuating a building. Furthermore, simulation results an , /" s 
aggregated into static images using various ways of 
visualization. J scientific 

In debugging, simulating a program execution under test traitor tk 
^ -ore error, ta 

Pitfalls 

important to°perfonT| S sensitivity MaT > ™ P J lter simulations ’ k is very 
the results are properly understood p S ' S l ° CnSure tbat lhe accuracy of 
analysis of factors determining the ^ eXamp,e ’ lhe Probabilistic risk 
program involves combining ^amnl ° f “ oilfield exploration 
distributions using the Monte^ Carto^ethol^'lf ^ ° f Statistical 

hey parameters (e.g. the net ratio of , u for inst ance, one of the 
one significant figure, then the restdi Stfata) is known 10 onl y 

more precise than one significant ^ Simulat,on mi gbt not be 
(misleadingly) be presented as hiving four —r although k might 
Model Calibration Techniques § SIgnificam figures. 

models: calibration 6 verificalion Pr ° dUCe 3CCUrate Emulation 

e good at portraying and comparing Com P uter simulations 

<o accurately model actual casTsX h : ° h re,,ca < Darios but in order 
happening today. A base model S,d’ h i *** ‘° match wk at is actually 
" malChes the area being studied Th e and cabb ™ed so that 

C Cdl,brated model should then be 
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verified to ensure that the model is operating as expected based on the 
inputs. Once the model has been verified, the final step is to validate the 
model by comparing the outputs to historical data from the study area. 
This can be done by using statistical techniques and ensuring an 
adequate R-squared value. Unless these techniques are employed, the 
simulation model created will produce inaccurate results and not be a 
useful prediction tool. 

Model calibration is achieved by adjusting any available parameters in 
order to adjust how the model operates and simulates the process. For 
example in traffic simulation, typical parameters include look-ahead 
distance, car-following sensitivity, discharge headway, and start-up lost 
time. These parameters influence driver behaviors such as when and 
how long it takes a driver to change lanes, how much distance a driver 
leaves between itself and the car in front of it, and how quickly it starts 
to accelerate through an intersection. Adjusting these parameters has a 
direct effect on the amount of traffic volume that can traverse through 
the modeled roadway network by making the drivers more or less 
aggressive. These are examples of calibration parameters that can be 
fine-tuned to match up with characteristics observed in the field at the 
study location. Most traffic models will have typical default values but 
they may need to be adjusted to better match the driver behavior at the 
location being studied. 

Model verification is achieved by obtaining output data from the model 
and comparing it to what is expected from the input data. For example in 
traffic simulation, traffic volume can be verified to ensure that actual 
volume throughput in the model is reasonably close to traffic volumes 
input into the model. Ten percent is a typical threshold used in traffic 
simulation to determine if output volumes are reasonably close to input 
volumes. Simulation models handle model inputs in different ways so 
traffic that enters the network, for example, may or may not reach its 
desired destination. Additionally, traffic that wants to enter the network 
may not be able to, if any congestion exists. This is why model 
verification is a very important part of the modeling process. 

The final step is to validate the model by comparing the results with 
what s expected based on historical data from the study area. Ideally the 
model should produce similar results to what has happened historically. 
This is typically verified by nothing more than quoting the R2 statistic 
trom the fit. This statistic measures the fraction of variability that is 
accounted for by the model. A high R2 value does not necessarily mean 
the model fits the data well. Another tool used to validate models is 
jj!^ pblca * res ' dua * analysis. If model output values are drastically 
different than historical values, it probably means there’s an error in the 
model. This is an important step to verify before using the model as a 




base to produce additional models for different scenarios to ensil ^ 
one is accurate. If the outputs do not reasonably match historic 6 ^ 
during the validation process, the model should be revie W ed 3lUes 
updated to produce results more in line with expectations, ft ^ 
iterative process that helps to produce more realistic models. ' S an 
Validating traffic simulation models requires comparing 
estimated by the model to observed traffic on the roadway and t C 
systems. Initial comparisons are for trip interchanges between quacl S ' 1 
sectors, or other large areas of interest. The next step is to com* 01 *’ 
traffic estimated by the models to traffic counts, including t ^ 
ridership, crossing contrived barriers in the study area. These 3 ” 5 ' 1 
typically called screenlines, cutlines, and cordon lines and mav ^ 
imaginary or actual physical barriers. Cordon lines surround particul 
areas such as the central business district or other major activity cente ^ 
Transit ridership estimates are commonly validated by comparing the^ 
to actual patronage crossing cordon lines around the central businpl" 
district. ess 

Three sources of error can cause weak correlation during calibration- 
input error, model error, and parameter error. In general, input error and 
parameter error can be adjusted easily by the user. Model error however 
is caused by the methodology used in the model and may not be as easy 
mJ? X r T 0n L m0ddS l yP ical| y b U'lt using several different 
mot rene^ 0ne ; hV Ca " produce connicti ng results. Some models are 
more generalized while others are more detailed. If model error occurs 

to adjust the modei methodoi °^ 
m ° delS lha ' Ca " used “ P rod ““ 

S ' epS ^' need 10 be i" »rder to 
models can be used as a tool to are F / unctl0nin g P ro P er| y- Simulation 
valid, if calibrated property On^^S 18 ‘h' 0 " 65 bUt “* ° nly 
parameters for all modelV have been nT* est,mates of the 
checked to assure that thev ?” °bt aine dt the models must be 

they are intended. The validation V™ the Auctions for which 

^ model by demonstL^iK? lhe Credibili * of 

The importance of model Validation unH^' 6316 3CtUal lraff ' C patterns ’ 
Planning, thoroughness and accuracy oTVhT* " T J ^ Careful 
program that has this Dumno* crr^ 0 , the in put data collection 
collected data is consistent with exMfU V° U,d be made to ensure 
^aJysis. it is typically common foITtraffie UCS '- - F ° r CXample in traffic 
visit to verify traffic counts and ‘° perform 3 site 

the area. The resulting models and f ,ar Wlth traffic pa,,erns in 

r d vL°s“ wi " “ n ° be “ r ,han ,he 



Computer simulation 

References 

1 1 1 Strogalz, Steven (2007). "The End oflnsight". In Brockman. John. What is your 
dangerous idea?. HarperCollins. ISSN 9780061214950 

|2| “ “Researchers stage largest Military Simulation ever” (http://www.jpl.nasa.gov/ 
releascs/97/military.html). Jet Propulsion Laboratory, Caltech, December 1997, 

[31 http://domino.watson.ibm.com/comm/pr.nsf/pages/news. 
20020429_fracture_simulation. html 

[4| "Largest computational biology simulation mimics life’s most essential nanomachine" 
(news). News Release, Nancy Ambrosiano, Los Alamos National Laboratory, Los 
Alamos, NM, October 2005. webpage: 

LANL-Fuse-story7428 (http:/ / www. lanl. gov/ news/ index, php/ 

fuseaction/home.story/story_id/7428). 

|5] "Mission to build a simulated brain begins” (http://www.newscientist.com/article/ 
dn7470.html). project of the institute at the Ecole Polytechnique Federale de Lausanne 
(EPFL), Switzerland, New Scientist, June 2005. 

[6| John Robert Taylor (1999). An Introduction to Error Analysis: The Study of 
Uncertainties in Physical Measurements (http://books.google.com/ 
books?id=giFQcZub80oC&pg=PA128). University Science Books, pp. 128-129. 
ISBN 093570275X. . 

[7| Mizukami, Koichi ; Saito, Fumio ; Baron, Michel. Study on grinding of 

pharmaceutical products with an aid of computer simulation (http://pem.utbm.fr/ 
materiau.\_2002/filc/pdf/AF01078.PDF) 

[8| Baase, Sara. A Gift of Fire: Social, Legal, and Ethical Issues for Computing and the 
Internet. 3. Upper Saddle River: Prentice Hall, 2007. Pages 363-364. ISBN 
0-13-600848-8. 



Notes 

• R. Frigg and S. Hartmann, Models in Science (http://plato.stanford. 
edu/entries/models-science/). Entry in the Stanford Encyclopedia of 
Philosophy. 

• S. Hartmann, The World as a Process: Simulations in the Natural and 
Social Sciences (http://philsci-archive.pitt.edu/archive/00002412/ 

), in: R. Hegselmann et al. (eds.), Modelling and Simulation in the 
Social Sciences from the Philosophy of Science Point of View, Theory 
and Decision Library. Dordrecht: Kluwer 1996, 77-100. 

• P. Humphreys, Extending Ourselves: Computatiotuil Science. 
Empiricism, and Scientific Method. Oxford: Oxford University Press 
2004. 

• James J. Nutaro, Building Software for Simulation: Theory and 
Algorithms, with Applications in C+ + . Wiley, 2010. 








Dirac delta function 




Schematic representation of the Dirac delta function by a 
lute surmounted by an arrow. The height of the arrow is 
usually used to specify the value of any multiplicative 
constant, which will give the area under the function. The 
other convention is to write the area next to the arrowhead 



referred 10 “ the 

which is usually definJf 1 * 0 ^*- 303 ° 8 1116 ^ ronec ^ er delta function 

usually defined on a finite domain, and takes values 0 and 1 . 

function!* ^!:L™ lh ^y a extend , e^^7^ th ^ Dirac de ' la ' S " 0t Strictly 3 

everywhere but a single Doint ^ funct,on lhat is ec l ual to zer0 

many 8 ^ 1 must l °tal integral zero. 1 ’ 1 While for 



purposes the Dirac delta can be 
manipulated as a function, formally it 
can be defined as a distribution that is 
also a measure. In many applications, 
the Dirac delta is regarded as a kind of 
limit (a weak limit) of a sequence of 
functions having a tall spike at the 
origin. The approximating functions of 
the sequence are thus "approximate" or 
"nascent" delta functions. 




Overview 

The graph of the delta function is usually thought of as following the 
whole x-axis and the positive y-axis. (This informal picture can 
sometimes be misleading, for example in the limiting case of the sine 
function.) 

Despite its name, the delta function is not truly a function, at least not a 
usual one with domain in reals. For example, the objects^.*) = 6(.t) and 
g(.r) = 0 are equal everywhere except at x = 0 yet have integrals lhat are 
different. According to Lebesgue integration theory, if f and g are 
functions such that /= g almost everywhere, then /is integrable if and 
only if g is integrable and the integrals of / and g are identical. Rigorous 
treatment of the Dirac delta requires measure theory, the theory of 
distributions, or a hyperreal framework. 

The Dirac delta is used to model a tall narrow spike function tan 
impulse), and other similar abstractions such as a point charge, point 
mass or electron point. For example, to calculate the dynamics of a 
baseball being hit by a bat, one cun approximate the force of the bat 
Hitting the baseball by u delta function. In doing so. one not only 
simplifies the equations, but one also is able to calculate die motion ol 



the baseball by only considering the total impulse of the b ^Ni 
ball rather than requiring knowledge of the details of k* again st ih. 
transferred energy to the ball. 0w the ^ 

In applied mathematics, the delta function is often manipulat h 
of limit (a weak limit) of a sequence of functions, each 35 a ^nd 
which has a tall spike at the origin: for example, a sequence *f of 
distributions centered at the origin with variance tending to zero 31 ***' 80 
An infinitesimal formula for an infinitely tall, unit i m 
function (infinitesimal version of Cauchy distribution) exDlicfti dclt * 
in an 1827 text of Augustin Louis Cauchy. 141 Simeon Den * d* 1 * 8 ” 
considered the issue in connection with the study of wav»» r. ' S P ° 1Ss °n 
as did Gustav Kirchhoff somewhat later. Kirchhoff and H«^ Pa8aUo ° 
Helmholtz also introduced the unit impulse as a limh of cf" V °" 
which also corresponded to Lord Kelvin's notion of a point hS so “““• 
At the end of die I9lh centttty, Oliver Heaviside used form'd £ ^ 

discrete Kronecker delta. d continuous analogue of the 

Definitions 

which is zero e^whU^xMpurth ht °‘ “ * function on the real line 
which , s ~; re " is 

function, as^o Thc ^ rac delta is not a true 

desenptions of the delta tn Ctl0 J 1 P T? eS - M ° reover ^ exist 

*; P ! Ua,ia,l0 "'F° r example sindJaV u differ ff0m the above 
»n the hmit as a~> o, 18 ' vet r . )/a becomes the delta function 
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distribution or as a .SSS 03,1 "• " 6W0U % defined either as a 
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As a measure 

One way to rigorously define the delta function is as a measure, which 
accepts as an argument a subset A of the real line R. and returns <5(A) = 1 
if 0 € A, and <5(A) = 0 otherwise. 1 '* 1 If the delta function is conceptualized 
as modeling an idealized point mass at 0. then <5(A) represents the mass 
contained in the set A. One may then define the integral against 6 as the 
integral of a function against this mass distribution. Formally, the 
Lebesgue integral provides the necessary analytic device. The Lebesgue 
integral with respect to the measure 6 satisfies 

for all continuous compactly supported functions/. The measure 6 is not 
absolutely continuous with respect to the Lebesgue measure — in fact, it 
is a singular measure. Consequently, the delta measure has no 
Radon-Nikodym derivative — no true function for which the property 
holds. 1101 As a result, the latter notation is a convenient abuse of notation, 
and not a standard (Riemann or Lebesgue) integral. 

As a probability measure on R, the delta measure is characterized by its 
cumulative distribution function, which is the unit step function 1 " 1 
This means that H(x) is the integral of the cumulative indicator function 
!(-«, *1 w ^b respect to the measure 6; to wit, 

TTius in particular the integral of the delta function against a continuous 
function can be properly understood as a Stieltjes integral: 1 121 
All higher moments of 6 are zero. In particular, characteristic function 
and moment generating function are both equal to one. 

As a distribution 

In the theory of distributions a generalized function is thought of not as 
a function itself, but only in relation to how it affects other functions 
when it is "integrated" against them. In keeping with this philosophy, to 
define the delta function properly, it is enough to say what the "integral" 
of the delta function against a sufficiently "good" test function is. If the 
delta function is already understood as a measure, then the Lebesgue 
integral of a test function against that measure supplies the necessary 
integral. 7 

A typical space of test functions consists of all smooth functions on R 
with compact support. As a distribution, the Dirac delta is a linear 
functional on the space of test functions and is defined by 11 ' 1 




for every test function cp. 




For 8 to be properly a distribution, it must be "continuou - .^~ d?lta S 
sense. In general, for a linear functional 5 on the space of l ° a Sui, ab| 
to define a distribution, it is necessary and sufficient funct 'ons 
positive integer N there is an integer M and a constant c f ° r ev ery 
every test function cp, one has the inequality 1 141 tV SUc h that (q t 

With the 8 distribution, one has such an inequality (with r 
M n = 0 for all N. Thus 6 is a distribution of order z = ^ vviUl 
furthermore, a distribution with compact suDDort Zero ‘ II is, 
{0}). (the su PPort being 

The delta distribution can also be defined in a number of „ • 
ways. For instance, it is the distributional derivative of thl i? UlVa,ent 
step function. This means that, for every test function <p one htT^ 

by P “ S Wm Pem ’ ,,Kd - integra| 

is “ * - 

““-^r sivK - - a 

integral on the space of all comoarrlv y ’ W,Uatl ° n ^ defines a Daniell 
which, by the Riesz representation P Upported cont 'nuous functions qp 

Generalizations 



<fefiBed n_din,en sional Euclidean space R n 
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Another common generalization of the delta function is to a 
differentiable manifold where most of its properties as a distribution can 
also be exploited because of the differentiable structure. The delta 
function on a manifold M centered at the point x Q € M is defined as the 
following distribution: 




for all compactly supported smooth real-valued functions cp on M. m A 
common special case of this construction is when M is an open set in the 
Euclidean space R”. 

On a locally compact Hausdorff space X, the Dirac delta measure 
concentrated at a point x is the Radon measure associated with the 
Daniell integral (3) on compactly supported continuous functions <p. At 
this level of generality, calculus as such is no longer possible, however a 
variety of techniques from abstract analysis are available. For instance, 
the mapping is a continuous embedding of X into the space of finite 
Radon measures on X , equipped with its vague topology. Moreover, the 
convex hull of the image of X under this embedding is dense in the 
space of probability measures on X. 1191 



Properties 



Scaling and symmetry 

The delta function satisfies the following scaling property for a non-zero 
scalar a: 1201 
and so 



0 
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In particular, the delta function is an even distribution, in the sense that 
which is homogeneous of degree -1. 
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Algebraic properties 

Hk dislributional product of 6 with x is equal to zero: 

Conversely, if xfli) = xfal where/and g are distributions, then 
for some constant c. 

Translation 

The integral of the time-delayed Dirac delta is given by: 

This is sometimes referred to as the sifting property 12 ' 1 or the sa r 
property. The delta function is said to "sift out" the value at m P 
It follows that the effect of convolving a function ftt) with th 
time-delayed Dirac delta is to time-delayer) by the same amount: 



^is holds under the precise condition that/be a tempered distribution 
(see the discussion of the Fourier transform below). As a special case 
instance, we have the identity (understood in the distribution sense) 

Composition with a function 

function gU) be com P°sed with a smooth 

holds, that ^ e ^ ami iar change of variables formula 

zero. 1221 That Is! toenf . dlfferentiable function with g' nowhere 
distribution so that this identinH^M ^ t0 assign meanin g to the 
functions/. This distribution »tisfi« ** 

and otherwise if g has a real root at ** fkf ~ 0 lf 8 ls nowhere zero, 
ft is natural therefore to </ /? h " Cn 

differentiable functions g by** ' * com P osition &($(*)) for continuously 
10015 ° f Which « assumed to be 
K property may be written as 
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Properties in n dimensions 

The delta distribution in an ^-dimensional space satisfies the following 
scaling property instead: 

so that 6 is a homogeneous distribution of degree -n. Under any 
reflection or rotation p, the delta function is invariant: 

As in the one-variable case, it is possible to define the composition of 6 
with a bi-Lipschitz function 1231 g : R" —> R" uniquely so that the identity 
for all compactly supported functions/. 

Using the coarea formula from geometric measure theory, one can also 
define the composition of the delta function with a submersion from one 
Euclidean space to another one of different dimension; the result is a 
type of current. In the special case of a continuously differentiable 
function g : R n -» R such that the gradient of g is nowhere zero, the 
following identity holds 1241 

where the integral on the right is over g -1 (0), the n-1 dimensional 
surface defined by g(x) = 0 with respect to the Minkowski content 
measure. This is known as a simple layer integral. 

Fourier transform 

The delta function is a tempered distribution, and therefore it has a 

well-defined Fourier transform. Formally, one finds 1251 

Properly speaking, the Fourier transform of a distribution is defined by 

imposing self-adjointness of the Fourier transform under the duality 

pairing of tempered distributions with Schwartz functions. Thus is 

defined as the unique tempered distribution satisfying 

for all Schwartz functions cp. And indeed it follows from this that 

As a result of this identity, the convolution of the delta function with 

any other tempered distribution S is simply S: 

That is to say that 6 is an identity element for the convolution on 
tempered distributions, and in fact the space of compactly supported 
distributions under convolution is an associative algebra with identity 
the delta function. This property is fundamental in signal processing, as 
convolution with a tempered distribution is a linear time-invariant 
system, and applying the linear time-invariant system measures its 
impulse response. The impulse response can be computed to any desired 
degree of accuracy by choosing a suitable approximation for 6, and once 
it is known, it characterizes the system completely. See LTI system 
theory: Impulse response and convolution. 
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In these terms, the oe q( ^ Fourier ke me! on R. Formally, one has 

shorthand for the assertion that the Fourier transfer* 

agoin follows by imposing solf-adjoin.ness of Ole Fourier 

tonlinualion of she Fourier transform, the Laplace transfonn 
of the delta function is found to be 

Distributional derivatives 

The distributional derivative of the Dirac delta distribution is the 
distribution 6' defined on compactly supported smooth test functions <p 
by 1271 

The first equality here is a kind of integration by parts, for if 6 were a 
true function then 

The * lh derivative of 6 is defined similarly as the distribution given on 
test functions by 

In particular 6 is an infinitely differentiable distribution. 

The first derivative of the delta function is the distributional limit of the 
difference quotients: 131 
More properly, one has 

where is (he translation operator, defined on functions by 
T^iptx) = (p{x+h), and on a distribution 5 by 

In the theory of electromagnetism, the first derivative of the delta 



function 



represents a point magnetic dipole situated at the origin. 



Accordingly, it u referred to as a dipole or the doublet function. 1 * 

^e dcrivanve 0 f the delta function satisfies a number of basic 
properties, including: 

taSoX ' "* C °" V0l “' ion of *' wi «> » compactly supported smooth 
convolution ' lf ° m P ro P en ' e s of the distributional derivative of 
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Higher dimensions 

More generally, on an open set U in the n-dimensional Euclidean space 
r", the Dirac delta distribution centered at a point a 6 V is defined by |V, ‘ 
for all fp £ S(U), the space of all smooth compactly supported functions 

on U. If « = (a. a ( ) is any multi-index and 9“ denotes the associated 

mixed partial derivative operator, then the ct ,h derivative d"d of d is 
given by 1301 a 

That is. the a derivative of <5^ is the distribution whose value on any 
test function (p is the a derivative of ip at a (with the appropriate 
positive or negative sign). 

The first partial derivatives of the delta function are thought of as double 
layers along the coordinate planes. More generally, the normal 
derivative of a simple layer supported on a surface is a double layer 
supported on that surface, and represents a laminar magnetic monopole. 
Higher derivatives of the delta function are known in physics as 
multipoles. 

Higher derivatives enter into mathematics naturally as the building 
blocks for the complete structure of distributions with point support. If S 
is any distribution on U supported on the set (a) consisting of a single 
point, then there is an integer m and coefficients c q such that 1 ’ 1 ' 

Representations of the delta function 

The delta function can be viewed as the limit of a sequence of functions 
where r/ g (x) is sometimes called a nascent delta function. This limit is 
meant in a weak sense: either that 

@ 

for all continuous functions / having compact support, or that this limit 
holds for all smooth functions f with compact support. The difference 
between these two slightly different modes of weak convergence is often 
subtle: the former is convergence in the vague topology of measures, 
and the latter is convergence in the sense of distributions. 
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variables shows that ^ also has integral , » 2| 
a simpl M.. A /«» holds for all continuous comDacilv A '• 1 



? C ( S o h nTf and so h converges weakly to 6 in the sense of measure^ 
fU " S r| = n is^itseff smo°th and compactly supported then i he f 

sequence is called a mollifier. 

Z n constructed in this way are known as an approximation t« , he 
idenlily This terminology is because the space L (R) 0 f absolutely 

Zfrti' f— T is doxi u ; d ", "" °^f°” t conv °lution If 
fimnion !./•* eil R l whenever/and g are in L (R) However, th ere {, 
no identity in l\ R) for the convolution product: no element h such that 
f*h=f for all /. Nevertheless, the sequence q £ does approximate such an 
identity in 1 he sense that 

This limit holds in the sense of mean convergence (convergence in L 1 ) 
Further conditions on the n, for instance that it be a mollifier associated 
to a compactly supported function, 1 ” 1 are needed to ensure poinlwise 
convergence almost everywhere. 

The standard mollifier is given by VO Je)/e where ^ is a suitably 
normalized bump function. For instance, 
where 

In some situations such as numerical analysis, a piecewise linear 
approximation to the identity is desirable. This can be obtained by 
taking t], to be a hat function. With this choice of , one has 
which are all continuous and compactly supported, although not smooth 
and so not a mollifier. 

Probabilistic considerations 

^ C ^l P ^ db,, ' t ' V theor >- il is natural to impose the additional 
positive" h initial ^ in an approximation to the identity should be 
Convolution ** i. 3 binctJOn ^ en represents a probability distribution, 
tease it do« 3 distribution is sometimes favorable 

convex combT r* fCSU * 1 0vc^sl,oo, or undershoot, as the output is a 
maximum and °* ^ ,npul values ’ and thus falls between the 

^'«y dwnbTlT ^ ^ ’ npUl funclion - Tak,n 8 T h 10 ** “J 

P* nse to an a,J ' 2,1(1 lett,n g n (x) = rj (x/e)/t as above will 

approximation to the identity. In general this converges 



Dira cd C lulu , a.um 

mote rapidly to a delta function if, in addition, 9 has mean 0 and has 
small higher moments. For instance, if , is the uniform distribution 
[-1/2. 1/21. also known as the rectangular function, then setting wkh n a 

new parameter: 

Another example is with the Wigner semicircle distribution 

This is continuous and compactly supported, but not a mollifier because 

it is not smooth. 

Semigroups 

Nascent delta functions often arise as convolution semigroups This 
amounts to the further constraint that the convolution of n with V musi 
satisfy * '<• 

for all c,6 > 0 Convolution semigroups in L 1 that form a nascent della 
function are always an approximation to the identity in the above sense 
however the semigroup condition is quite a strong restriction. 

In practice semigroups approximating the delta function arise as 
fundamental solutions or Green's functions to physically motivated 
elliptic or parabolic partial differential equations. In the context of 
applied mathematics, semigroups arise as the output of a lineal 
time-invanant system. Abstractly, if A is a linear orator acting o^ 

laE'pmWem 3 C ° nVOlUli ° n b * ■*** £2 

in which the limit is as usual understood in the weak sense. Setting 
n E W - t](e^) gives the associated nascent delta function. 8 

Some examples of physically important convolution semigroups arising 
from such a fundamental solution include the following. 8 

The heat kernel 
The heat kernel, defined by 

represents the temperature in an infinite wire at time r>0. if a unit of 

semUon rgy ,S , St ° red 3t the ° rigin of lhe vvire at tim « » = 0- This 
semigroup evolves according to the one-dimensional heat equation 

meaTotr'r^ ‘ he0ry ’ A (jr) is a normal distribution of variance e and 
~ £ probabilil y densit y a ‘ time r = e of the position 
In r c e 8 0ng,n following a s,andard Brovvnian motion. 

Markov proSrtv of R Sem ' 8r0UP COndilion is then an expression of the 
v property of Brownian motion. 

h'gher dimensional Euclidean space R". the heat kernel is 
r L , r j;\ the same physical interpretation, mutaris mutandis. It also 
fu,,c,io " ™ ,hc » ■* 
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Dirac delta I 

1 Dirichlet kernel is not. jn bra-ket notation is found in (Levin 2002, 

| 42 | The development of tk ** and comp | e tencss, pp.= 1 09 ff) 

1 Coordinate-space wavefu"^ p.344 

461 Sec Laugwitz (1989). , 72 

(47) Cdrdob. 1988. Hdrmander 1983. }7J 

|48| Vladimirov 197 U 57 
|49| Hartmann 1997. pp. 

(50| Isham 1 995. 56.2 
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--; ngian and Eulerian specification of the 

flowfie jd 

" TTnamics and finite-deformation plasticity the Lagrangian 
In fluid nyn now ne|d is a way of looking at fiuid motion where 

specification i ^ individual fiuid parcel as it moves through space 

(he observer^ ^ the pos j t i 0 n of an individual parcel through time 
and 11 the pathline of the parcel. This can be visualized as sitting in a 
ffandVifting down a river. 

° p-.iprian specification of the flow field is a way of looking at fluid 
• .h»t focuses on specific locations in the space through which the 
Sows as time passes."" 2 ' This can be visualized by sitting on the 
bank of a river and watching the water pass the fixed location. 

The Lagrangian and Eulerian specifications of the flow field are 
sometimes loosely denoted as the Lagrangian and Eulerian frame of 
reference. However, in general both the Lagrangian and Eulerian 
specification of the flow field can be applied in any observer’s frame of 
reference, and in any coordinate system used within the chosen frame of 
reference. 

Description 

In the Eulerian specification of the flow field, the flow quantities are 
depicted as a function of fixed position x and time t. Specifically, the 
flow velocity is described as u(x,f). On the other hand, in the Lagrangian 
specification, all fluid parcels are labelled by some vector field a, with a 
time-independent for each fluid parcel. Often, a is chosen to be the 
center of mass of the parcels at some initial time t Q . It is chosen in this 
particular manner to account for the possible changes of the shape over 
time. Therefore the center of mass is a good parametrization of the 
velocity v of the parcel. "'In the Lagrangian description, the flow 
velocity v(a,/) is related to the position X(a,f) of the fluid parcels by: 12 ' 
Consequently, u and v are related through 

Within a chosen coordinate system, a and x are referred to as the 
agrangian coordinates and Eulerian coordinates of the flow . 

dlnnm a8ra r 8 l an « and Eulerian specifications of the kinematics and 
called 1C |h° i 6 flovv fieltl are related by the substantial derivative (also 
derivative La8ran , g,an derivative, convective derivative, material 
aenvative, or particle derivative): 1 " 

theVuiJ^^ 1 lhC total , rate of change of some vector function F as 
P s moves through a flow field described by its Eulerian 
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Attribution 



You must attribute the wotk in the manner specified by 



the nuthor or licensor (but not in any way that suggest* that they 



»« usv vn uiv mnn./ 

Share Alike — if you alter, transform, or build upon this work, you may c 
compatible license. 

With the understanding that: 

• Waiver — Any of the above conditions can be waived if you get permission front the copyright holder. 

• Other Kighls — In no way arc any of the following rights affected by the license. 

• your fair dealing or fair use rights; 

• the author's moral rights; uinl . . . . . nmi. v r.ahu 

• rights other persons may have either in the work itself or in how the work is used, such I S P y ‘ y . . 

• Notice — Por uny reuse or distribution, you must make clear to others the license terms of this work. The be« way to do that » with a link 

to hUp'7/creutlvceommons.org/liccnscs/by-sn/3.0/ _ : 



GNU Free Documentation License 



As ol July 15, 21XW Wikipedia has moved to u dual-licensing system that supersedes the previous GFDL only licensing. In short, this means that text 
licensed under the GFDL can no longer Ik- imported to Wikipedia. Additionally, text contributed after that date can not be exported under 'He GFDL 
license. See WikipediaiLicensiug u|xlnlc for further information. 



Version 1.3, 3 November 2008 Copyright (C) 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <httpy/r*f.org/> 

Everyone ts pci milted to copy und distribute verbatim copies of this license document, but changing it is not allowed. 

0. PREAMBLE 

Fhe purpose of this License is to make a manual, textbook, or other functional und useful document "free" in the sense of freedom to assure 
the effective freeiknii to eopy und redistribute it. with or without modifying it, either commercially or noncommerc tally Secondarily, 
the License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifies mm 
made bv other*. 

rhis License Is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense ft 
complements the GNU General Public License, which is a copyleft license designed for free software. 

N\c huw designed this License in order to use it for manuals for free software, because free software needs free documentation a free pmenm 
should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals. ,i c m be 
used lor any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for 
works whose purpose is mstnietion or reference. 7 

1. APPLICABILITY AND DEFINITIONS 

Hus License applies to any manual or other work, in uny medium, that contains a notice placed by the copyright holder savin* u can he 
distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license unlimited in dur frion to use that ~*<rk wwfcr 
the coml, uons stak’d .here,,.. The "Document", below, refers to any such manual or mirk AnC rX!?of ^ Sc w T 
iKldus^xhis you . 3 ou accept the license d you copy, modify or distribute the work in a way requiring permission under convnehi law 

1 Vcn “° n ° f lhC work conlain ing the Document or a portion ^f it. c.thcr^icd^^tirn. or i 



modifications and/or translated into unother language. 

A "Secondary Section" Is a numed appendix or a front-mutter section of the rwimv.ni rk.„ t, „ , • , . . 

publishers or authors of die Document to the Document’s overall subject (or to rehnrrt m m ^ . excla * ,ve| y the rclatKxohip of the 

within ilnu overall subject. (Thus, if the Document is in part a texlkmkof mathematical £eond^ n i C ? nliUn> ,,0th,ng **“* comW ‘ hlet,, 3 f 
The relationship could be a matter of historical connection with the subject or with related 5ft Uon . may no1 exp,am nulh CTWtK:v 1 

or (xvlitical position regarding them. J ld,Cd maUcrs * legal, commercial, philosophical, ethical 

that the Document is released under this LtenseMr !i' < sccimn Jw.mioi fit” thfab!^ of Invariant Sections, m the n.K« that sivs 

lus Invariant. The Document may contain zero Invariant Sections. If the ^u^oesS 

s rom- ~ says that the 

words 

document straightftirwardry whh gcnenc'icxi eduniTnfi spccir,cat,on LS av *ulablc to the general 
programs or (for drawings) some widely available drawing editor, and that is suitable for inra, t „ ,„« ZTl C ° mr T Cd of ramt 

variety of formats suitable lor input to text formatters. A copy made in an otherwise tv * Erma tiers or for automatic tramlatioo to a 
markup, has been arranged to thwart or discourage subsequent modification by remfcxik 12 tE*"* f,lc f . oni1 “ t whos0 nrarkup, or absence .4 
uscil lor any substantial amount of text. A eopy that is not "Transparent" is called "Opaque" p0rcm An ,ma * c format is ixx Transparent if 



Examples (if suitable formats for Transparent copies include plain ASCII without ,nn!w T . 

XML using a publicly available DTD, und standard-conforming simple HTML CsmnimPnr ‘ u pU ® f ‘T al LaTcX '"pm formal. SGML or 
of transparent image formats include PNG. XCF and JPG. Opaque formats inc hidenlmr. PDF r <C S ’ gncd for hu,n:,n mndilk 

rv ” r ' ■' propnetarv formats that can be trad am 

ally available, uixl the nv 

UK I hold, legibly, the ntukiw U1 „ 

appearance or the work's title, preceding the beginning of the Kxly ,,f 'the lcx| P “ 8C * S ‘ K ’ h> " Til,c ' means 'he text near the ioom 



nmnrii,i„rir r , - ■■ modification Lxamplo. 

21* ,hl " lx- rrnd »«l edued o»l, 

irposcs nnly * 8,” c rHlly ilv.iilj.hl'. iijkI ihc m.,hinr-|icncr,^l 

'llowine Dane 



tSXSf'V '!£* rrgT- 5? Ml ; ? XML ror 7 hith lhc 0TD processing u«,K 
^7 " PD f pmdossrd hy some word prooesson for oulpm purp,,,,., L , 

The Titk* Page means, for a printed book, the title page itself, plus such following n 

requires to appear in the title page. R,r works in formats which do not have My iftlff null T lhe serial this License 
prominent appearance of the work's title, preceding the beginning of the body of ho W snch - T < 

Fhe "publisher" means any person or entity that distributes copies of the DtKument m m. u. 

A section "EnuUed XYZ" means a named subunit of the Document whose title either s?« 5 h '?• ^ 

^J. ha ‘ lran ; ,lj ?£ s , XYZ another lungtiagc. (Here XYZ stands for a specific ^in^anmL^ XY7. In paretnhese* folkm-.ng 

Dedications . Endorsements", or "History".) To "Preserve the Title" of such a s« tiln l 'nontioned below, such us ^Acknowlodae merits 
section "Entitled XYZ" according to this definition. mh " StXl,on vvhtn V'>u i^nlify the Document tneansU^U^Sx u 

The Dix-unx-nt muy include Warranty Disclaimer* next to the notice which sum** u 



Disclairuers are eoiisidered to included by reference in this Liccas^bm olriy "PP 1 *** W» 'he Document The*c Warranty 

these V\ arraniv Disclaimer* may have is void and has no effect on the meaning of this l£, tJ,scla,m " 1 8 wamu.ties: any other implicaDoo that 

2. VERBATIM COPYING 

You may copy and distribute the Document in any medium, either commercially nr n » 

notices, and the license notice saying this License applies to the Document are n^E^Ely^ 1 ^', l»« v «ded that Un* License, the copyright 
\vhaLsiw\ir to those of this Licvnse 3 ou may not use technical measures to obstruct or coniml m COf>lex - <uul 'hat you add no otix-r umdilnxw 
. , n d,s K bu,c , H,ns cvcr ’ y* ,u ,na >’ accc P l compensation in exchange for copies If vou r ^l ^ rcad,n e or f'^hcr copying of dx- copies you 

also follow the conditions in section 3. 1 " you d ^r.bute a large enough numk-rof e<»pies you must 





Xom may »l*» tend uwkt the same cundiuoni sUued above, and you may publicly display copies. 

XN V 1 m me*. *» commonly have pnmed cover.) of ihe Document ^mhcnng . IW»Oj 
.. "To - I.,... -M-"- ' (over Tc.tr. you moo enclose .he coficv m cover, that cany, clcarlv and IcpMy. all dresc^Cover IcxLv 

SSu mSZmnm •*»«> Corymg »,lh chance, limited u long as they preserve the title of the Document and sat.sty 

ss^atrffa^^v:i *. ^ ■>•» 

’ll' ^ J^lich r*.inhine Opaque cupcToPihc Document oumhenng more than 100 . you musl ; cither include tomSkotsing 

, . .! or ...» eoJ. iW T « »„h each Opnfue copy a eon^ter networi. If 

fx^K ha* accrv* to download using public- standard network protocols a compete Transparent , lo cnsuIV o»al this 

sfEjsWJ!^ — •••> ** * ** 

a duwac to provide you wtth an updated vctmoo of the Document. 

4. MODIFICATIONS , , ,, . v , provided that you release the 

You may copy and diMributr a Modified Vernon of the Documcni t under the <^tkms of Ih s , KVnsmi! .lisinhui.ou and 

Modified Voiwa tader tweendy tins License, wah the Modified Version filling the role of the CKkuiik nt. >nus a 
ESf^TSe hKtfCvS^iS^ ptm-o • copy of ,c In nddmon. yon muc do these ch.ngs m the Wmnn. 

A. Uw m the Thle toft (and on the coven, if mf) • litk distinct from that of the Documem. and from b ';" 1 .n H die oriemal 

dmnldu If dMC «mwy. he Ksled m the Htnory section of the DcKumcntt. You may me tbs same mis as a previous versu 

publisher «f that verson r 

B Lmi on the 
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jmm | k ( | a f , i ^ iitr t r n 

on die Tale papr the name of (he publisher nf the Modified Vernon, as the publisher. 

. .. . ' ' : ■ , 1 I : ’T iv 

s^nfhnaSL Vrtlnm —I mprir~* n 1 ^ (>,H ■** 

** ** — 1 im. am add In H an item staling at least the title, year new authors, and publisher 

"ft? r F* i. mm add an item describing the MM % M* Mated .n the 




Dnara rautir any 

V Warranty Dfectam 
mmm include* arm 

mmt. you may at 

.Section* in the Modified V< 

You may add • 



Wh a section may not he included in the Modified version 

“ndnrsememV «w to onnllict in title with any Invariant Section. 

n* nr ippenduc* that qualify as Secondary Sections and contain no material copied from 
r wvnc ,-0 all <>f these sections as invariant. To do thiv add then titles to the list of Invariant 
Thrw tales must be distinct from any other scctum titles. 

C ~r o.— HwinUgd Version by various 

definition of a standard. 
hi i y. i cuv is (■ u ov.. 'v .ou i k.i. to the end of the list of 
one of Back -('over Text may be added by (or through 

. / _ aL.^ ■ — ■ i nMl/iiUlatv 'nL l«*/l K 17 Vi til Of V 



idilirst VrrsKW » uuenae mawe inrse tales itwm nc aminci irom any inner wmm* 

n «mm IMmMam*. provided « oonuma nothing but endonements of .-if Modified Ver 
pie suurmmts .4 pm rrv^vi re dul the text Has been approved by an nrnuu/ation as the authoritative dcfinilK 
■prfBhlnm* m ifimCow Teat, and a p ma y of op to 25 *«d»»a Back-Cover Texu lo the 

rZ . 7* . . ... . «-■ t- T-.t >v nl n .. U nvpr Tr*n miiv he added 



of up m Ovr^ • a From-O^r Test. a passage of up 

fcy) m J!Tfl£ < v)wDwS £mSr ^SSm /cover text for the mme cover, jnevtjusly added by you or by 
MpMtfot mnJTh/^n^m endty^ m aetteg m heMf of . yon mny not add another, but you may replnee the old one, on explicit 

■ do «m hy dm Lme giro ymodmion to me their names MrpaM k fa «t '•< M Of imply 



permrouon from thr prrvwmm f 
Thr authort % » ami publishers s ( o 
endomemrm of a*v Modified V o 

5 . COMBIM.N G POCU MENTS ^ ^ ^ defined k mttM 4 Aon hi ncdlfiad 

Yon — y emmme^n tim mii^ jjl uf (hi Mralmi Seam of all of the original documents, unmodified, and list them all 

verMrwv pro* . jutitruJ m its license notice, rod (hat you preserve all thew Warranty Disclaimers. 

mfriWlmT a, cm of Mi Laoenae. rod md jc Srnbral Invariant Sections may be replaced with a single copy. If 

p» -m dirTmT ^ affirm r *- (he ink of each such section unique by adding at the end of 

TkmlmmZai Zanmit nf I he orwrol — or pdbUkr of dm lection if known, or eke a mhyne nnmber Make the same adjustment to the 
^ u ^ .a Wanai in he Bcemc notice of the Citnbncd noth. 

g"fa *^*P i ^J^^rrrZ l,^^P^^ niiro Mr -inihev»iorocr«»aldocuincnLs 1 "titled History; 

***^* - **/«r/mcdnro p (Hr! 'AdaovteMimb*. and any sections Entitled 'Dedications' You must delete all sections Entitled 



6 . CO L^ CTIONS OF rthcr documcm , released under this License, and replace the indi 

ito copy that is mcluded in the eolkctKm. provided that you follow the rules of 

If il U l ^ dntnbute ,« .nd.v .dually under this License, provided you insert a copy of this 

*nd follow this Lkctoc .0 all other respects regarding verbatim copying of that document. 

7. AGGREGATION WITH IN u DF ^ documents or works, in or on a volume of a storage or 

A -npiUuv, of the tveurnm or »ls Amittm wuh : 'gSTIl«^Sation b not used to limit the legal rights of the 

JS^d^l w'xLs permiL When the Document is included in an aggregate, this License docs not apply to the 

I* I KANSI.A I ION , . r a. . rvvHimciu under the terms of section 4. Replacing 

'**.« ~ . k«l * nrnrfifiv««l w you nuy J , nclude transUtions of son.- ,.r all 

twin till I II rowitel ■■ nwon'vnui rnmmmhm , , n ,„s|a«on of Out UW Ud all .he 

tn^TdS *« E "« K ' h VCTsil,n of lh,s L “ nse “ ml 



individual copies of 
' this License for 




of any right* under 
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